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PREFACE TO FIRST EDITION. 


Of all the non-mctallic structural materials in use by the engineer, 
the most important at the present day arc those included under the 
head of Cementing Materials, using that term in its broadest sense to 
include not only the hydraulic cements proper, but the limes, plasters 
and allied materials. This importance is due in large part to the 
advances which have been made, in American practice, in the methods 
of manufacturing these products, for these advances in technology 
have resulted in supplying the engineer with uniform and high-grade 
cementing materials at prices low enough to permit of great increase 
in their uses. 

In consequence of this growth of the industries based on cementing 
materials an extensive literature on the subject has developed. This 
literature is, however, widely scattered through the pages of many 
technical and scientific journals and transactions, and no adequate 
summary of the matter from an American point of view has yet 
appeared. The present volume is the result of an attempt to provide 
such a summary, covering the composition and character of the raw 
materials, the methods of manufacture, and the properties of the various 
cementing materials. 

In a work of this scope many points of interest, can only be sug- 
gested, not discussed in detail. For the convenience of those who 
wish to make further studies of such subjects, very complete reference 
lists have been placed in almost every chapter of this volume. These 
lists necessarily contain the names of some papers and articles pub- 
lished in European periodicals or transactions, but most of the titles 
cited will be found to be from readily accessible American journals. 
A working engineer rarely has at his command an extensive technical 
library, so that references to the proceedings of some German scientific 
society are apt to prove a vexation rather than an aid. 

Stress has been laid, in the discussion of manufacturing methods, 
on the general chemical and physical principles which underlie these 
methods rather than on the details which differ at every plant and may 
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PREFACE TO SECOND EDITION. 


In preparing the second edition of Cements, Limes and Plasters, the 
original work has been extensively revised, statistics and reference 
lists have been brought up to date, and about one hundred pages of 
entirely new matter have been added. In order to permit this, and at 
the same time keep the book within reasonable limits in size and price, 
the space formerly allotted to natural cement has been correspondingly 
reduced, as that industry is falling off in importance. 

The chief additions have been in the sections devoted to Portland 
cement, to the gypsum products, and to the magnesian cements— all 
of these industries being still in rapid growth. The sections relating 
to raw materials of the various industries, to fuels, and to products 
have been thoroughly revised; and several hundred analyses have beer, 
added to cover points of special importance. Canadian and foreign 
developments have been given more space than in the earlier edition, 
since from now on the United States will of necessity be keenly interested 
both in foreign competition and in foieign markets. 

In dialing with Portland cement the writer has drawn on a rather 
extensive experience, during the last fifteen years, in connection with 
various phases of that important industry, not only in the United States 
but in such diverse areas as Canada, France and Argentina. It is 
believed that the sections on raw materials, methods and costs will be 
found to contain data not obtainable in any other publication. 

The attention of every reader is specially called to the Introduction 
of this edition. The matter there presented regarding the proper utiliza- 
tion of cost data, and the past and future trend of cost and prices, is of 
direct importance to each of the industries concerned. 

Edwin C. Eckel. 

Washington, D C , 

April 5, 1922. 
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PREFACE. 


change with every year. So far as possible, however, such details as 
bear on labor, power, and costs have been carefully discussed, and it 
is believed that the estimates furnished are entirely reliable. 

The writer’s acknowledgments are due to Engineering News, Munici- 
pal Engineering, Engineering Record, Engineering and Mining Journal, 
Cement, and The Iron Age for permission to use illustrations and to, 
reprint parts of articles which had appeared first in their columns. To 
an even greater extent he is indebted to the chemists and managers 
of American cement-, lime-, and plaster-plants, and to manufacturers 
of different lines of machinery, for data and illustrations which they 
have kindly furnished for use in this volume. 

It may not be out of place to state that this volume was planned 
and partly written in 1901. If it had been published at that date the 
words “ probably ” and “ possibly ” would not have occurred so fre- 
quently as they do in the present work, for at that time the writer felt 
a cheerful certainty in regard to many points which now seem less 
obvious. A wider personal experience, tal^en in connection with ike 
remarkable changes which have recently affected both the theory and 
practice of cement-manufacture, has resulted in a more cautious treat- 
ment of certain phases of the subject. 

Edwin C. Eckel. 

Washington, D. C , 

March 6, 1905. 



TABLES 


NO. PAGE 

1. Tonnage of Cementing Materials Produced in United States ... 4 

2. Average Wholesale Commodity Prices (1890-1920) . . 7 

3. Atomic Weights of Elements . .... 13 

4. Effect of Temperature and Time on Plaster-burning ... .39 

5. Fuels Used at American Plaster Mills . . . . 40 

6. Sixes, Capacity, etc , of Stedman Disintegrators .... 43 

7. Temperatures in Cement-plaster Manufacture 50 

8. Sixes, Capacity, etc , of Broughton Mixers .... . 58 

9. Analyses of Rock G'psum Used for Plaster . 00 

10. Analyses of Gypsite (Gypsum Earth) Used for Plaster . 01 

11. Analyses of Cement Plasters .... 04 

12 Fineness of Calcined Plasters ..... 05 

13. Fineness of Plasters Tested .... . .00 

14 Tests of Tensile Strength and Effect of Sand . . . 60 

15 Results of Tensile Tests of Plas-fers . . 08 

10. Effect of Sand on Compressive Strength of Plasters . . 70 

17 Adhesive Strength of Plasters , . 70 

18. Effect of Retarders on Strength of Plasters ... 72 

19. Effect of Various Retarders on Hate of Set .... 73 

20. Effect of Accelerators on Rate of Set ... . . 74 

21. Tensile Strength of Keene’s Cement 79 

22. Tensile Strength of Keene’s Cement ... . .80 

23. World’s Output of Gypsum • 81 

24. Gypsum Output by States (1918-1919). Short Tons 83 

25. Analyses of French Gypsums . 85 

26. Canadian Sales of Gypsum and Gypsum Products (1880-1913) . 85 

27. Production of Gypsum and Gypsum Products by Provinces (1887-1913) 86 

28. Analyses of Canadian Gypsums . . ... 87 

29. Consumption of Gypsum in the United States .... 90 

30. Utilizations of United States Gypsum Output 90 

31. Analyses of Various Molluscan Shells 95 

32. Analyses of Oyster-shells and Oyster-shell Lime 96 

33. Heat and l\iel Theoretically Required in Burning One Ton of Limestone 100 

34. Dimensions of Keystone Lime-kilns .... . . 107 

35. Tests of Lime-kiln Efficiency (Emley) 110 

36. Type of Fuel Used at American Plants Ill 

37. Cost of Lime Manufacture 114 

vii 



TABLES 


viii 

no. PAGE 

38. Elements of Cost of Lime Manufacture, Expressed in Percentages of Total 

Cost 115 

39. Lime Burned and Sold in the United States (1909-1920) . . . 115 

40. Analyses of High-calcium Limes (U. S.) . 118 

41. Analyses of Lean Limes ... .... 120 

42. Analyses of Magnesian Limes (U. S ) . 121 

43. Tensile Strength of Magnesian and High-ealcmm Limes (Mills) . 125 

44. Strength of Lime Mortars (Sabin) . . 125 

45. Sizes, Capacity, etc , of Sturtevant Crusher . 127 ’ 

40. Capacity, Power, etc., of Campbell Lime-hydrater . 128 

47. Details of Jeffrey Separator . 128 

48. Tensile Strength of Magnesian and Noil-magnesian Hydrated Lime 130 

49. Hydrated Lime Manufactured and Sold in the United States (1900-1920) 131 

50. Percentage Composition of Various Lime Silicates 135 

51. Effect of Fineness of Sand (Peppel) . 137 

52. Comparative Tests of Iligh-calcium and Magnesian Lime Bricks 

(Peppel) . ... 138 

53. Effect of Percentage of Lime (Peppel) 140 

54. Effects of Steam Pressure and Time of Hardening (Peppel! 1 U 

55. Lime-saml Bricks e.s Natural Sandstone (Peppel) . 144 

56. Physical Tests of Limes and Brick (Pittsburgh Testing Laboratory) 145 

57. Tests of Lime-sand Bucks (l T . S Naval Academy) 145 

58. Compression Tests, Lime-sand Brick (Woolson) 140 

59. Physical Jests of Lime-sand Bricks (Charlottenburg) 140 

60. Summary of Lime-sand Brick Tests . 117 

61. Summary of Clay-brick Tests (Woolson) . 147 

62. Summary of Tests of Natural Sandstone 148 

63. Magnesite Production of World (1913-1920) 151 

64. Analyses of Magnesite, California, Washington and Nevada 153 

65. Analyses of Magnesite. Quebec, Canada 154 

66. Analyses of Magnesite, Europe and Asia . 154 

67. Analyses of Calcined Magnesite ( = Magnesia) 150 

68. Analyses of Highly Magnesian Limestones CU S.) . . . 158 

69. Analyses of Magnesia Bricks . 102 

70. Expansion of Magnesite Bricks on Heating (Le Chateher) . . 162 

71. Compressive Strength of Sorel Stone . . 106 

72. Magnesite Flooring Composition ... . . 169 

73. Magnesite Stucco Composition . 171 

74. Composition of Ideal Hydraulic Limestone and Hydraulic Lime . . 179 

75. Analyses of Hydraulic Limestones, Le Toil, France . . 180 

76. Analyses of Hydraulic-lime Rocks. France and ( lermany . 180 

77. Analyses of the Various Beds in the Hydraulic Limestone Quarries at 

Malain, France . . .... 181 

78. Analyses of Hydraulic Lime Before Slaking, Le Teil, France 183 

79. Analyses of Hydraulic Limes, France, Germany and England 183 

80. Analyses of Kiln Products, Le Teil, France . . 186 

81. Analyses of Hydraulic Limes, After Slaking . . . 186 

82. Average Strength of Hydraulic Limes (Schoch) . . 187 



TABLES 


IX 


NO. PAGE 

83. Tensile Strength of Teil Hydraulic-lime Mortar 187 

84. Compressive Strength of Teil Hydraulic-lime Mortars 188 

85. Analyses of Grappier Cements 189 

86. Tests of Tensile Strength, Lafarge Cement (McKenna) . . . 190 

87. Comparative Tests of Grappier and Portland Cements (Leduc) . . 191 

88. Analyses of Feebly Hydraulic Lime Rocks 194 

89. Analyses of Feebly Hydraulic Limes . ... 195 

90. Tensile Strength of Hydraulic-lime Mortars (Grant) 195 

• 91. Compressive Strength of Hydraulic-lime Mortars (Grant) . . . 196 

92. Tensile Strength of Selenitic Limes (Grant) . ... 198 

93. Compressive Strength of Selenitic Limes (Grant) . . 199 

94. Analyses of Natural-cement Rock, Utica, Illinois .... 208 

95. Analyses of Natural-cement Rock, Louisville District, Ind -Ky. . 208 

96. Analyses of Natural-cement Rock, Fort Scott, Kansas . . 209 

97. Analyses of Natural-cement Rocks, Cumberland and Hancock, Maryland 209 

98. Analyses of Natural-cement Rocks, Mankato, Minn 210 

99. Analyses of Natural-cement Rocks, Rosendale District, N V. 210 

100. Analyses of Natural-cement Rocks, Schoharie Countv, N. Y . 211 

101. Analyses of Natural-cement Rocks, Central New York . 211 

102. Analyses of Nat uial-cement Rocks, Akron-Buffalo District, N. Y. . 212 

103. Analyses of Natural -cement Rocks, North Dakota . 212 

104. Analyses of Natural-cement Rocks, Ohio . 212 

105 Analyses of Natural-cement Rocks, Lehigh District, Pa. . 213 

106. Analyses of Natural-cement Rocks, Virginia . 213 

107. Analyses of Natural-cement Rocks, Milwaukee District, Wis. 213 

108. Analyses of Natural-cement Rocks, England 216 

109. Fuel Consumption in American Natural-cement Plants . . 232 

110. Power Required in Grinding Natural Cement . 238 

111. Fineness Required by Various Specifications . . 238 

112 Fineness of Three Brands Natural (Ament (Bleininger) . . 239 

113. Estimates of Cost of Natural-cement Manufacture . . 240 

114. Daily Cost Report of Natural-cement Plant . 241 

115. Production of Natural Cement, United States (1818-1920) . . 242 

116. Analyses of Natural Cements, Georgia . . . 244 

116 a. Analyses of Natural Cements, Utica, Illinois . . . . 244 

117. Analyses of Natural Cements, Louisville District, Ind.-Ky. . . .245 

118. Analyses of Natutal Cements, Fort Scott, Kansas . . . .245 

119. Analyses of Natural Cements, Potomac District, Md. . ... 246 

120. Analyses of Minnesota Natural Cements . ... 246 

121. Analyses of Natural Cements, Rosendale District, N. Y. ... 247 

122. Analyses of Natural Cements, Central New York . . 248 

123. Analyses of Natural Cements, Akron-Buffalo District, N. Y. . . 249 

124. Analyses of Natural Cement, North Dakota . . .... 250 

125. Analyses of Natural Cements, Lehigh District, Pa. ... 250 

126. Analyses of Natural Cements, Shepherdstown-Antietam District, W. Va.- 

Md . • ... ... 250 

127. Analyses of Natural Cements, Milwaukee District, Wis 251 

128. Analyses of “ Natural Portland ” Cements, Belgium . . . 251 



X 


TABLES 


NO. PAGE 

129. Analyses of Natural Cements, England 252 

130. Analyses of Natural Cements, France 252 

131. Analyses of Natural Cements, Germany and Austria 253 

132. Specific Gravity of American Natural Cements 254 

133. Effect of Aeration on Setting Time of Natural Cement (Sabin) . . . 254 

134. Effect of Plaster on Setting Time of Natural Cement (Sabin) . 255 

135. Effect of Plaster on Tensile Strength of Natural Cement (Sabin) . . 256 

136. Effect of Sand on Tensile Strength of Natural Cement (Sabin) . . 264 

137. Compressive Tests of Natural Cements (Richardson) . . 264‘ 

138. Compressive Strength of 4-inch Natural-cement Cubes (Watertown Arsenal) 265 

139. Effect of Heating on Compressive Strength (Watertown Arsenal) 265 

140. Relation of Tensile to Compressive Strength of Natural Cement (Sabin) 266 

141. Relation of Tensile to Compressive Strength of Utica Natural Cement 

(Creighton) . 266 

142. Modulus of Elasticity . 267 

143. Character of Portland-cement Materials .... 273 

144. Analyses of Hard Limestones Used at American Cement-plants . 282 

145 Analyses of Pure Chalks Used in American Cement-plants 290 

146. Analyses of Clayey Chalks Used in American Cement-plants 290 

147. Analyses of Hudson Shale and Slate in Pennsylvania and New Jersey 294 

148. Analyses of Trenton Limestone (Lehigh Cement Rock) . . 295 

149. Analyses of Kittatinny Magnesian Limestone . ... 296 

150. Analyses of Highly Clayey Limestones (“ Cement Rock ”) 298 

151. Analyses of Pure Limestones Used for Mixing with Cement Rock 298 

152. Portland-cement Production of the Lehigh District (1890-1920) 301 

153. Analyses of “ Cement-rock ” Materials from the Western United States 302 

154. Fineness of Crude Marl (Davis) . . ... 310 

155. Analyses of Marls Used in American Cement-plants . . . 312 

156. Analyses of Alkali Waste, Ammonia Process 319 

157. Analyses of Iron-furnace Slags . . 321 

158. Analyses of Normal Clays Used in American Cement-plants . . 326 

159. Analyses of Limey Clays Used in American Cement-plants . . . 327 

160. Analyses of Normal Shales Used in American Cement-plants . 328 

161. Analyses of Limey Shales Used in American Cement-plants . . 330 

162. Analyses of American Roofing Slates .... . 335 

163. Composition of American Roofing Slates .... ... 335 

164. Analyses of Slate Used for Portland Cement, Rockmart, Ga. . . . 336 

165. Detailed Costs of Steam-shovel Work (Purington), 1903 .... 346 

166. Actual Costs of Raw Materials at Typical Mills 355 

167. Effect of Alumina 362 

168. Analyses of Raw Materials Containing Phosphoric Acid .... 364 

169. Tests of Cements Containing Phosphoric Acid 364 

170. Composition of Actual Mixes 369 

171. Analyses of Fuel Ash . 371 

172. Change in Composition during Burning 371 

173. Cement Mixture and Cement, Sandusky ... . . 372 

174. Fineness of Raw Mix at Various Plants (Bleininger) . 398 

175. Analyses of Flint Pebbles . . . 408 



TABLES 


xi 


NO. • PAGE 

176. Length of Rotary Kilns in American Plants 428 

177. Analyses of High-alumina Clays Used for Kiln Brick 429 

178. Analyses of High-alumina Fire-brick for Kilns 430 

179. Analyses of Low-alumina Clays Used for Kiln Brick . ... 430 

180. Analyses of Low-alumina Brick, Furnished as Kiln Brick . . 430 

181. Actual Output and Fuel Consumption at Various Plants . . . 433 

182. Heat Used in Evaporation of Water 438 

183. Heat Used in Dissociation of Carbonates per Barrel Cement . . . 440 

184. Theoretical Heat Requirements in B.T.U. per Barrel 442 

185. Utilization and Losses of Heat in Rotary Kilns 443 

186. Newberry’s Estimates on Heat Distribution in Kilns 445 

187. Summary of Richard’s Tests of Rotary Kilns . . 448 

188. Tests and Estimates of Heat Distribution, B.T.U. per Barrel . . 449 

189. Analyses of Kiln Coals . . 453 

190. Analyses of Kiln Coals, West Virginia . . . 453 

191. Analyses of Kiln Coals, Central United States . 454 

192. Analyses of Ash of Various American Coals . 455 

193. Analyses of Natural Gas, Kansas . . 464 

194. Thermal Values of Natural Gas . . . 464 

196. Effect of Form of Sulphate Used . 475 

197. Effect of Adding Various Percentages of Calcined Plaster (Nihoul and 

Dufossez) . . . 478 

198. Effect of Calcined Sulphate on Set of Cement (Dyckcrhoff) . 478 

199. Effect of Gypsum on Setting-tune (Kniskern and Gass) 480 

200. Effect of Calcium Sulphate on Strength of Cement (Dyckcrhoff) 482 

201. Effect of Calcium Sulphate on Strength of Cement (Grant) . . 483 

202. Effect of Treatment with Anhydrous Calcium Sulphate (Lewis) 483 

203. Effect of Treatment with (’rude Gypsum (Lewis) . 483 

204. Effect of Treatment with Plaster of Paris (Lewis) . 483 

205. Analyses of Gypsum Used in Cement Plants . 484 

206. Analyses of Calcined Plaster Used at Cement Plants 484 

207. Effect of Various Salts on Set of Cement (Nihoul and Dufossez) 485 

208. Capacity of Portland Cement Barrels and Weight of Contents (Howard A. 

Carson) .... ... 490-1 

209. Packing Weights of Cement m Chief Countries 491 

210. Fluctuations in Cement Costs (1913-1921) 494 

211. Mill Costs .... 497 

212. Quarry and Mill Costs of Cement (1913-1921) 498 

213. Overhead Costs of Cement Companies (1913-1921) .... 499 

214. Total Costs of Cement Manufacture (1913-1921) .... 501 

215. Prices, Nominal and Real, of Portland Cement (1890-1920) . . 503 

216. Growth of American Portland Cement Industry (1880-1920) . . 505 

217. Canadian Output of Portland Cement (1890 to Date) . . 506 

218. Compositions and Burning Temperatures of Portland Cements . 513 

219. Analyses of Ferro-Portland, Michaelis Type . . . 518 

220. Analyses of Ferro-Portland . ... ... 519 

221. Analyses of Portland Cement (1849-1873) 520 

222. Analyses of American Portland Cements 521-3 



TABLES 


NO. PAGE 

223. Fineness of Various American Portlands (Bleininger) 530 

224. Compressive Strength of Portland Cement Cubes (Watertown Arsenal) . 534 

225. Compressive Strength of Portland Cement Mortar and Concrete Cubes 

(Watertown Arsenal) . 534 

226. Relation of Tensile to Compressive Strength (Watertown Arsenal) . . 536 

227. Modulus of Elasticity .... 537 

228. Comparative Tests of Portland Cement and Sand Cement . . 539 

229. Tensile and Compressive Strength of Sand Cements (Smith) . . 539 

230. Compressive Strength of Silica-cement Cubes (Watertown Arsenal) . . 541 

231. Compressive Strength of Sand-cement Mortars (Watertown Arsenal) . 542 

232. Modulus of Elasticity of Sand-cement (Watertown Arsenal) 542 

233. Effect of Heating on Compressive Strength (Watertown Arsenal) . . 543 

234. Effect of Alumina on various Cements . . ... 548 

235. Analyses of Pozzuolana from Italy . . . .... 576 

236. Analyses of Pozzuolana from France . 577 

237. Analyses of Pozzuolana from the Azores Islands . .... 578 

238. Analyses of Trass and Related Materials from Germany . . . 579 

239. Analyses of Santorm Ash from Santorm . . . 579 

240. Analyses of Argues, France . . . . .... 580 

241. Strength of Basaltic Dust . . . 580 

242. Average Analyses of Natural Puzzolanic Materials . 581 

243. Strength of Lime — Burnt-clay Mortars . . 582 

244. Analyses of Slags Used for Slag Cement . . . 586 

245. Strength of Granulated and Ungranulated Slag (Prost) .... 591 

246. Working Results of Ruggles-Colcs Drier .... 594 

247. Analyses of Limes Used in American Slag-cement Plants . . . 597 

248. Costs of Slag-cement Manufacture per Barrel 597 

249. Analyses of American Slag Cements . 610 

250. Analyses of European Slag Cements . . . 611 

251. Tensile vs. Compressive Strength of Slag Cements . . . . 614 

252. Crushing Strength of Indurated Slag Bricks 626 

253. Porosity of Slag Bricks . 626 

254. Analyses of Slag (Mansfeldt) . ... 632 



TABLE OF CONTENTS 


PAGE 

List of tables . vii 

INTRODUCTION. 

HlSTOin OF THE CHIEF CEMENTING MATEU1 \LS . . 1 

Relative importance and growth .... 3 

Production in the United States . 4 

Relation to population* United States and Canada. . . 5 

General trend of < os os and prices. . . 0 

Proper use of cost and price data 7 

Trend of cementing materials costs and puces. . . 7 

Classification and relationships of cementing materials 8 

The choice of cementing materials 10 

Chemical, physical, and geologic data 12 

The chemical elements 12 

Heat units . . 12 

Metric conversion tables. 14 

Mam classes of rocks. 15 

Geologic chronology 16 

PART I. PLASTERS. 

CHAPTER I. 

COMPOSITION, DISTRIBUTION, AND EXCAVATION OF GYPSUM. 

Chemical composition of gypsum 18 

Varieties of gypsum .... . . 19 

Physical properties of gypsum . . . . . ... 19 

Anhydrite ■ - ■ . 19 

Occurrence and origin of gypsum deposits . . . 19 

Geologic distribution of gypsum deposits. . ... . . ... 20 

Distribution of gypsum in the United States . . 20 

Distribution of gypsum in Canada. ... .... 29 

Distribution of gypsum in Newfoundland ... .32 

Examination of gypsum deposits . . .... . 33 

Excavation and handling of rock gypsum . . 33 

Mining methods ... . 34 

Working gypsum-earth deposits 35 

xiii 



XIV 


TABLE OF CONTENTS. 


CHAPTER II. 

CHEMISTRY OF GYPSUM-BURNING. MANUFACTURE OF PLASTERS. 

PAGE 

Chemistry of gypsum-burning 36 

Classification of plasters .37 

Commercial classification . 37 

Manufacture of plaster of Paris, “cement plaster,” and wall plaster. . . 38 

Effect of temperature and time on properties . . .39 

Grinding gypsum and plaster 40 

Kinds of fuel used 40 

Calcining in ovens 44 

Calcining in kettles 44 

Designs of kettles . . . 44 

Temperatures attained 50 

Actual equipment of kettle-process plants. 51 

Calcining in rotary cylinders 52 

Cummer system .... 54 

Mannheim system 56 

Addition of retarders and accelerators. . . . 57 

Wall plaster. 57 

Packing weights. ... 59 

Costs of plaster-manufacture. . . 59 

Analyses of gypsum used in actual practice 60 

References on plaster-manufacture .... . 62 

CHAPTER III. 

COMPOSITION, PROPERTIES, AND TESTS OF PLASTERS. 

Chemical composition of plasters .63 

Theoretical composition 63 

Actual composition of cement plasters . . 63 

Physical properties and tests of plasters 64 

Weight and specific gravity . 64 

Fineness of calcined plasters 64 

Tensile strength . 65 

Compressive tests and effect of sand 68 

Adhesive tests . . .69 

Rate of set and hardening 71 

Theory of the action of retarders and accelerators 71 

Materials used as retarders . .71 

Effect of retarders on strength of plasters ... 72 

Use of accelerators. . . .... .... 73 

Hardening gypsum and plaster 74 

References on properties and tests of plasters. . 74 



TABLE OF CONTENTS. 


XV 


CHAPTER IV. 

FLOORING-PLASTERS AND HARD-FINISH PLASTERS. 

PAGE 

Characters of the two groups . . . 75 

Flooring-plasters 75 

Composition of flooring-plaster 75 

Effects of high temperatures on plasters . 76 

Methods of manufacture . . 77 

* Uses of flooring-plasters . 77 

Hard-finish plasters. ... . . 78 

Definition . . 78 

Keene’s cement . . ... 78 

Manufacture... . . . 79 

Composition . . • • • 79 

Properties . . • • • 79 

Mack’s cement .... ....... 80 

References on dead-burned and hard-finish plasters 80 

CHAPTER V. 

THE PRODUCTION AND UTILIZATION OF GYPSUM. 

Total world’s output of gypsum • 81 

Gypsum production of the United States 82 

Geologic distribution of gypsum deposits . 82 

Geographic distribution .. 83 

Sources of output by states .... 83 

Gypsum deposits of France 84 

Analyses of French gypsum .... 85 

Gypsum production of Canada . . 85 

Analyses of Canadian gypsum. . 86 

The uses of gypsum . . • ... 87 

The structure of the plaster industries. . . ... 89 

Total United States consumption of gypsum . 90 

Canadian gypsum output ... . .... .90 

Utilization of the United States gypsum. ... 90 

PART II. LIMES. 

CHAPTER VI. 

COMPOSITION, ORIGIN, AND CHARACTERS OF LIMESTONES. 

Origin of limestones . . .... 91 

Varieties of limestone • • 92 

Chemical composition of limestone . . . • 92 

Presence of magnesia . • • .... 93 

Presence of silica, alumina, iron, etc . ... .94 

Geological and geographic distribution of limestones 94 

References on limestone . 95 

Shells as sources of lime ... 95 



XVI 


TABLE OF CONTENTS 


CHAPTER VII. 

LIME-BURNING. 

PAGE 

Theoretical considerations ... 97 

The burning of a non-magnesian limestone. . 97 

The burning of a magnesian limestone . 98 

Classification of limes . . 98 

Methods and costs of lime-burning. 99 

Heat requirements in lime-burning . 99 

Types of lime-kilns . . 100 

Intermittent kilns . . 100 

Vertical kilns with mixed feed . . 102 

Vertical kilns with separate feed . . . 104 

Ring or chamber kilns. (Hoffmann kilns.) . 107 

Rotary kilns 109 

The overburning of lime 109 

Actual fuel requirements .111 

Fuels actually used Ill 

Utilization of carbonic acid gas from lime-kilns. ... Ill 

Costs of lime-manufacture 112 

Detailed estimates of cost . 112 

Actual costs of lime-manufacture .. 113 

Statistics of the lime industry. . . 115 

CHAPTER VIII. 

COMPOSITION AND PROPERTIES OF LIME. 

General properties 117 

High-calcium vs. magnesium limes 117 

Composition of commercial high-calcium limes 118 

Lean or poor limes .. . 119 

Composition of commercial magnesian limes . .120 

Lime-slaking 121 

Effect of impurities present . 122 

Expansion of volume ... 122 

Effect of the presence of magnesia 122 

Method of slaking lime in ordinary practice .123 

Use of lime mortars .123 

Strength of lime mortars 124 

CHAPTER IX. 

HYDRATED LIME'. ITS PREPARATION AND PROPERTIES. 

Preparation of hydrated lime 126 

Grinding the quicklime 126 

Mixing with water 127 

Sieving the product 128 



TABLE OF CONTENTS. xvii 

PAGE 

Standards for packing, etc. . . . . 130 

Cost of equipment 130 

Tests of hydrated lime . . 130 

Mixture of hydrated lime and Portland cement. . .. 131 

References on hydrated lime .... 131 

Statistics of hydrated lime . 131 

CHAPTER X. 

MANUFACTURE AND PROPERTIES OF LIME-SAND BRICKS. 

Definition 132 

Early history of the industry, 1S38— 1S5(> . 132 

Theory of lime-sand brick manufacture . . . 134 

General processes of lime-sand brick manufacture . 136 

Necessary properties of the sand. 136 

Drying the sand. . . . 137 

Necessary properties of the lime. . . 137 

Methods of slaking the lime. 138 

Proportions of mixture 140 

Methods of molding 140 

Methods of hardening the bricks 141 

Costs of plant and manufacture 142 

Composition of lime-sand bricks . 144 

Physical properties of lime-sand bricks 144 

Tests of lime-sand bricks . 144 

Comparison with clay bricks ... 147 

Comparison with natural sandstone . . . 148 

Statistics of the lime-sand brick industry . 148 

PART III. MAGNESIA AND OXYCHLORIDE CEMENTS. 

CHAPTER Xf 

SOURCES AND PREPARATION OF MAGNESIA. 

Sources of magnesia. . ... 149 

Magnesite as a source of magnesia. . . ... 149 

Composition and character of magnesite . . . ... 149 

Occurrence and origin of magnesite . . . . 150 

Distribution of magnesite deposits. ... . ... 150 

American and Canadian deposits 151 

European and Asiatic deposits 152 

Analyses of commercial magnesite . . ... 154 

Effects of heating magnesite ... 155 

Methods of burning magnesite 155 



xviii TABLE OF CONTENTS. 

PAGE 

Composition of the product . • • 156 

Use of magnesite for preparation of carbonic acid, etc 156 

Magnesian limestones as sources of magnesia 157 

Occurrence of magnesian limestones in the United States. 157 

Analyses of magnesian limestones 157 

Extraction of magnesia from magnesian limestones. 157 

Schoibler process 158 

Closson process ..... 159 

Sea-water and brines as sources of magnesia . 159 

Extraction of magnesia from sea-water . . . 160 

References on magnesite, sources of magnesia, etc .... 160 

CHAPTER XII. 

MAGNESIA BIUCKS AND OXYCHLORIDE CEMENTS. 

Magnesia bricks. . . . 161 

Manufacture of magnesia bricks. .. 161 

Composition of magnesia bricks 162 

Physical properties of magnesia bricks. 162 

References on magnesia bricks 163 

Oxychloride cements 163 

Sorel’s discovery 163 

Manufacture of oxychloride cements 164 

Manufacture and properties of Sorel stone 164 

Manufacture 164 

Strength. 166 

Durability .... 166 

Recent practice: flooring cements ... • • 168 

Recent practice: stuccos • 170 

References on oxychloride cements, Sorel stone, etc 171 


PART IV. HYDRAULIC' LIMES, SELENITIC LIMES, AND 
GRAPPIEll CEMENTS. 

CHAPTER XIII. 

THE THEORY OF HYDRAULIC LIMES. 

General discussion • ■ • • • H2 

The Hydraulic Index. . • • • • 172 

The Cementation Index . . .... 174 

Use of the Cementation Index in classification 175 

Definition of hydraulic limes • 176 

Subgroups of hydraulic limes 177 



TABLE OF CONTENTS. xix 

CHAPTER XIV. 

EMINENTLY HYDRAULIC LIMES GRAPPIER CEMENTS. 

PAGE 

Eminently hydraulic limes. ... 17X 

Composition of the ideal hydraulic lime 178 

Composition of the actual product 179 

Raw materials; hydraulic limestones 180 

. Burning hydraulic lime. . . 181 

Slaking the lime. . . . 18d 

Sieving the product .... 184 

Analyses of hydraulic limes. . . 180 

Weight and specific gravity 180 

Tensile and compressive strength 187 

Ratio compressive to tensile strength 187 

Proportions for mortars and connotes 188 

trappier cements 189 

Definition 189 

Composition of grappier cements 189 

Physical properties of grappier cements . . 189 

[jater experiences and tests . . 190 

deferences on hydraulic limes and grappier cements 192 

CHAPTER XV. 

FEEHL\ II\ DliAULIC LIMES. SELENITIC LIMES. 

Feebly hydraulic limes 194 

General character and index 194 

Analyses of raw material 19 1 

Analyst's of feebly hydraulic hint's 194 

Tensile strength . . ... 195 

Compressive strength . . . 190 

Selenitic lime - Scott’s cement 190 

Composition . . 190 

Manufacture of selenitic limes . . 190 

Tensile strength of selenitic limes 197 

Compressive strength of selenitic limes . .... 198 

References on selenitic limes 199 

PART V. NATURAL CEMENTS. 

CHAPTER XVI. 

DEFINITION AND RELATIONS OF NATURAL CEMENTS. 


jack of homogeneity in the group . . . 
definition of natural cements 
delations of natural cements to others 


200 

201 

201 



XX 


TABLE OF CONTENTS. 


PAGE 

Cementation Index of natural cements 202 

Statement of the index . 202 

Example of calculation . . 202 

Basal assumptions . . . 203 

Use of the Cementation Index. 204 

Values of the index for natural cements 204 

Subgroups of the class of natural cements. . . . 204 

CHAPTER XVII. 

RAW MATERIAL’ NATURAL-CEMENT ROCK. 

Composition of natural-cement rock 206 

American natural-cement rocks . . 207 

General discussion ... ... 207 

Analyses of American natural-cement rocks 20S 

Illinois 20S 

Indiana-Kentueky 20S 

Kansas 209 

Maryland .... 209 

Minnesota . 210 

New York 210 

North Dakota. . 212 

Ohio 212 

Pennsylvania . . 213 

Virginia 213 

Wisconsin 213 

European natural-cement rocks 214 

General characters and subgroups 214 

Natural Portlands . . 214 

Roman cements .... 214 

Natural-cement materials of Belgium . 214 

Natural-cement, materials of England 216 

Excavation of natural-cement rock. 217 

Methods 217 

Costs 218 

References on natural-cement rock . . .218 

CHAPTER XVIII. 

MANUFACTURE OF NATURAL CEMENTS. 

Processes of manufacture. . 221 

Burning praetice and theory 221 

Chemical changes during burning. . . 221 

Relation of composition to degree of burning ... ... 222 

Losses in burning .... 222 

Types of kiln used .... . 223 



TABLE OF CONTENTS. 


XXI 


Fuel consumption in burning natural cement 

Hard and soft clinker . . 

Seasoning and slaking ... • • ■ 

Grinding the clinker . ... 

General practice. . . 

Actual mill equipments of American plants 

Types of grinding machinery employed. . . 

Separating systems 
Power required in grinding. 

Fineness actualh attained 
Packing weights 
Costs of manufaetuie 
Cost of raw material 
Labor costs. . . . 

Fuel costs . . 

Total costs per barrel 

Production of natural cement, United States . . . 

CHAPTER XIX 

COMPOSITION AND PROPERTIES OF NATURAL CEMENTS. 

Chemical composition of natural cement . . 

Georgia 

Illinois 

Indiana-Kentueky. ... 

Kansas. . . 

Maryland 
Minnesota. . . 

New \ oik 

North Dakota. 

Pennsylvania 

West Virgima-Maryland 

Wisconsin 

Belgium .... 

England . . . 

France 

Germany- Austria . . . . 

Physical properties of natural cements 
Weight and specific gravity .... 

Rapidity of set ... . 

Effects of gypsum or plaster on natural cements. . . . 

Effect of salt on strength 

Tensile strength 

Effect of sand on tensile strength 

Compressive strength 
Effect of heating 

Ratio of compressive to tensile strength . 

Modulus of elasticity . 


page 
. 231 
. 232 

233 
. 234 

234 
236 

. 235 
. 237 
. 237 
. 238 
239 
239 

239 
. 240 

240 
240 

. 242 


243 

243 

243 

243 

244 
244 
244 
244 
249 
249 
249 
251 
251 
251 

251 

252 

253 
253 
253 
255 

257 

258 

259 

264 

265 
265 
267 



XXII 


TABLE OF CONTENTS. 


PART VI. PORTLAND CEMENT. 

CHAPTER XX. 

PORTLAND CEMENT! PRELIMINARY STATEMENTS. 

PAGE 

Definition of Portland cement ... 268 

Stages in manufacture . 268 

Materials used . ^68 

Composition and constitution , . . . 269 

Cementation Index 270 

Silica-alumina ratio 270 

Kinds of raw material used 271 

Quantity of raw material necessary 274 

CHAPTER XXI. 

Limestones. 

Linestones in general . . 276 

V arieties and origin .... 276 

Composition of limestones 277 

Impurities of limestones . . . 278 

Physical characters 279 

Effects of heating . . 280 

Pure hard limestones . . 281 

Use in cement manufacture. . . . 281 

Composition of hard limestones actually used 281 

Prospecting and examining limestone deposits . . 284 

Preliminary examination 285 

Detailed mapping and sampling . 286 

Chalk and other soft limestones 287 

Origin of chalk 287 

Distribution of chalk in the United States . . 288 

Physical properties . . 289 

Composition of chalk and soft limestones actually used . . . 289 

Examining chalk deposits. . . . 289 

List of references on chalks and soft limestones .... 290 

CHAPTER XXII. 

ARGILLACEOUS LIMESTONE: CEMENT HOCK. 

Definition 292 

“Cement rock’’ of the Lehigh district. . . . 293 

Geology of the district . . 293 

Character and composition of the “cement rock” . 297 

Quarry practice in the Lehigh district 299 

Cement production of the district . ... 300 

Probable extension of the district .... 301 



. TABLE OF CONTENTS. xxiii 

PAGE 

“Cement rock’ ’ in other states 302 

Analyses of western “cement rocks” 302 

List of references on “cement rock” . . 303 


CHAPTER XXIII. 

FRESH-WATER MARLS. 


Various uses of the term “marl” 304 

Occurrence of marl deposits. . . 305 

Origin of marl deposits . 306 

Geographic distribution of marl deposits. . ... 300 

Physical characters of marl 310 

Chemical composition of marl ... 311 

Analyses of marls actually used 312 

Examining marl deposits . 313 

List of references on marls ... . .. 316 


CHAPTER XXIV. 

ALKALI WASTE! HLAST-FURNACE SLAG. 


Use of by-products as cement materials 318 

Alkali waste 318 

Leblanc process waste. . . 318 

Ammonia process waste 319 

Analyses of alkali wastes 319 

List of leferences on alkali waste as a cement material 320 

Blast-furnace slag . ... 320 

Slags in general . . . . . . . 321 

Slags used as Portland cement materials 322 


CHAPTER XXV. 


CLAYS, SHALES, AND SLATES. 


Relation of clays, shales, and slates 

. . . 323 

Clays 

. 323 

Origin of clays 

. . 323 

Composition of clays. . . 

324 

Clays used in cement manufacture . . . 

325 

Analyses of clays actually used 

326 

Shales. . 

325 

Origin and composition . . 

328 

Analyses of shales used as cement material . . . 

328 

Examination of clay deposits ... 

.330 

List of references on clays and shales . . 

331 



xxiv TABLE OF CONTENTS. 

PAGE 

Slates. . . . 334 

Geographic distribution of slates . . 334 

Composition of slates 335 

Slates used in cement manufacture. . 336 

References on slates . 336 

Coal ash as cement material . ... .... 337 

CHAPTER XXVI. 

EXCAVATING THE RAW MATERIALS. 

Available excavation methods. . . . 338 

The choice of methods 339 

Choice affected by costs 339 

Choice limited by rock conditions. 340 

Quarrying single-face . 340 

Quarrying in benches. 340 

Underground mining. . . . 340 

Pit-and-tunnel working. . 340 

Quarrying 341 

Stripping 342 

Quarrying single face. - 342 

Quarrying in benches 342 

Use of steam shovels . . . 346 

Crushing and drying in the quarry . 347 

Mining. . . 347 

Glory-hole and milling systems 348 

Dredging . .... 349 

Marl pumping. . 351 

Costs of raw material excavation 352 

Quarrying limestone and cement rock 352 

Quarrying clay and shale 352 

Dredging marl 353 

Cost of raw materials at mill . . • 354 

Loss on drying . • 354 

Actual costs at mills . .... 355 

CHAPTER XXVII. 

CALCULATION AND CONTROL OF THE MIX. 

Theoretical composition of Portland cement . 356 

Influence of normal constituents on the cement. . ... . 358 

Maximum lime content of mixture ... ... 358 

Minimum lime content of mixture 360 

Magnesia ... ... 360 

Silica ... ■ . , • • 360 

Alumina .... , . 361 



TABLE OF CONTENTS. XXV 

PAGE 

Iron oxide 362 

Sulphur 362 

Alkalies ... . . . ... 362 

Phosphorus . . 363 

Influence of intentionally added fluxes . 364 

Calculating mixtures of untried materials. ... 365 

Cementation Index . 365 

Use of the formula in proportioning mixtures. 366 

Calculating mixtures in current work. 368 

Composition of the mixture. . . . 368 

Methods of control . . 369 

Changes in composition during manufacture . 370 

CHAPTER XXVIII. 

PREPARING THE MIXTURE FOR THE KILN. 

Methods of preparation 373 

Dry methods. 374 

Drying the raw materials. . . . 374 

Percentage of water in raw materials. . . 374 

Methods and costs of drying 375 

Grinding and mixing. . . . 379 

General methods 379 

Plans of actual plants. . . . 379 

Actual equipments of dry-process plants 382 

Methods used with slag limestone mixtures . 385 

General methods 385 

Composition of the slag 386 

Granulating the slag . 386 

Drying the slag 387 

Grinding the slag . 387 

Composition of the limestone 387 

Economics of using slag-limestone mixtures . 387 

References on slag-limestone mixtures. . . . 388 

Blast-furnace methods of making cement . 389 

Wet methods of preparation . . 390 

Comparison of methods 390 

Actual equipment of wet-process plants 391 

CHAPTER XXIX. 

POWER AND GRINDING. 

Amount and source of power in cement mills ... 395 

Distribution of power . 396 

Necessity for fine grinding . . 397 

Actual fineness attained ... 398 



xxvi TABLE OF CONTENTS. 

PAGE 

Classification of grinding machinery used 399 

1. .law crushers . . . 399 

2. Cone grinders 399 

3. Rolls . . 399 

4. Millstones. . .... 399 

5. Edge runners . . 399 

6. Centrifugal grinders ... ... . . ... 399 

7. Ball and tube mills ... . ... 399 

8. Impact pulverizers 399 

Machinery combinations actually used 400 

Pebbles for tube mills 403 

CHAPTER XXX. 

CEMENT BURNING! FIXED KILNS. 

Classes of fixed or stationary kilns ... . 409 

1. Dome or ordinary intermittent kilns 409 

2. Dome kilns with drying accessories. . . .. 411 

Johnson kiln . 411 

3. Ring or Hoffmann kiln 412 

4. Continuous shaft kilns. . . . 414 

Dietzsch kiln . 414 

Aalborg or Schofer kiln. . . 414 

Hauensehild kiln 415 

Schwarz kiln ... . . .416 

Reference list for fixed kilns. . ... 418 

CHAPTER XXXI. 

THE ROTARY KILN. 

Early history . . ... . 420 

Summary of burning process 421 

Shape and size . 422 

Kiln size and output 426 

Kiln linings .... 429 

Actual fuel consumption and output, short kilns ... . 432 

Fuel consumption and output, long kilns 434 

Factors in kiln economics 435 

CHAPTER XXXII. 

HEAT CONSUMPTION AND HEAT UTILIZATION. 

Theoretical heat requirements ... . 437 

Purposes for which heat is required . 437 

Heat utilized in evaporation of water. ... . . 438 

Heat utilized in decomposition of clay ... 439 



TABLE OF CONTENTS. XXV 

PAGE 

Iron oxide 362 

Sulphur 362 

Alkalies ... . . . ... 362 

Phosphorus . . 363 

Influence of intentionally added fluxes . 364 

Calculating mixtures of untried materials. ... 365 

Cementation Index . 365 

Use of the formula in proportioning mixtures. 366 

Calculating mixtures in current work. 368 

Composition of the mixture. . . . 368 

Methods of control . . 369 

Changes in composition during manufacture . 370 

CHAPTER XXVIII. 

PREPARING THE MIXTURE FOR THE KILN. 

Methods of preparation 373 

Dry methods. 374 

Drying the raw materials. . . . 374 

Percentage of water in raw materials. . . 374 

Methods and costs of drying 375 

Grinding and mixing. . . . 379 

General methods 379 

Plans of actual plants. . . . 379 

Actual equipments of dry-process plants 382 

Methods used with slag limestone mixtures . 385 

General methods 385 

Composition of the slag 386 

Granulating the slag . 386 

Drying the slag 387 

Grinding the slag . 387 

Composition of the limestone 387 

Economics of using slag-limestone mixtures . 387 

References on slag-limestone mixtures. . . . 388 

Blast-furnace methods of making cement . 389 

Wet methods of preparation . . 390 

Comparison of methods 390 

Actual equipment of wet-process plants 391 

CHAPTER XXIX. 

POWER AND GRINDING. 

Amount and source of power in cement mills ... 395 

Distribution of power . 396 

Necessity for fine grinding . . 397 

Actual fineness attained ... 398 



XXV111 


TABLE OF CONTENTS. 


CHAPTER XXXIV. 

CLINKER COOLING, GRINDING, AND STORAGE. USE OP GYPSUM. 

PAGE 

Economic factors in clinker treatment. . 407 

Clinker cooling . . . 468 

General methods of clinker cooling. . 468 

Pan conveyors, rolls, and sprinkling . . . 468 

Stationary tower coolers. . . . 469 

One-stage rotary cooler. . ... 470 

Atlas two-stage rotary cooler . . . 470 

Clinker grinding .. . ... 471 

Power and machinery 472 

Increase in fineness . . 472 

Actual equipment of various plants 473 

Use and effects of gypsum or plaster 474 

Form in which the calcium sulphate is used. . . . 474 

Effect of calcium sulphate on set of cement 478 

Effect of calcium sulphate on strength of cement . 482 

Methods of using gypsum or plaster . 484 

Analyses of gypsum and plaster actually used . 484 

Effect of various other salts on set of cement 484 

List of references on use of calcium sulphate, chloride, etc 486 

Storage and packing . 487 

Necessity for storage. . . 487 

Designs of storage buildings and bins 487 

Testing at the mill . . . 489 

Packing weights, American . 489 

Packing weights of different countries 491 

CHAPTER XXXV. 

COSTS, PRICES, AND PRODUCTION. 

The trend of costs and prices . 493 

Costs of Portland cement manufacture 494 

Elements of cost . . . . 494 

Cost of cement materials at mill . . . 495 

Mill costs proper . 496 

Total cost on cars . . . 498 

Administrative and selling costs 498 

Depreciation and depletion allowances . 499 

Total costs; their amount and trend. ... ... 500 

The course of cement prices, 1880-1920 . . . 501 

The production of Portland cement 502 

World’s cement industry and output 502 

The American Portland cement industry 504 

The Canadian Portland cement industry ... ... 505 



TABLE OF CONTENTS. xxix 

CHAPTER XXXVI. 

CONSTITUTION, SETTING, PROPERTIES, AND COMPOSITION. 

PAGE 

Limitations of chemical analyses . . 507 

Constitution and setting properties . 507 

Available methods of investigation. . . . 507 

Synthetic investigations ... 508 

Microscopic investigations . . . 509 

Theories of constitution . 510 

Recent investigations 513 

Setting properties of Portland cement 514 

Replacement of silica by other acids . . 515 

Replacement, of alumina by iron oxide. 515 

Replacement of lime by magnesia. 516 

Replacement of lime by other bases. . 517 

High-alumina Portlands 517 

High-iron Portlands. 517 

References on the constitution of Portland cement . . . 518 

Composition of Portland cement 520 

Gradual change in composition since 1850 520 

Analvses of American Portland cements 520 

Standard methods for analysis 524 

CHAPTER XXXVII. 

PHYSICAL PROPERTIES. TESTING METHODS. 

Physical properties of Portland cement . . ... 528 

Value of tests for fineness . 529 

Specific gravity . 530 

Setting properties. 531 

Tensile strength 531 

Compressive strength 533 

Ratio of compressive to tensile strength 533 

Modulus of elasticity . 537 

Sand cement or silica cement . . 537 

List of references on sand cement,. . . 541 

Effect of heating on Portland cement 542 

Effects of salt and freezing. . 543 

Effects of exposure to sea-water . o46 

Resistance to shock .... . 548 

Effect of storage . . ... 549 

Standard methods of testing, U. S A. ... 549 

CHAPTER XXXVIII. 

SPECIFICATIONS FOR PORTLAND CEMENT. 

New York State Canals, 1896 . 554 

Rapid Transit Subway, N. Y. City, 1900-1901 555 



XXX 


TABLE OF CONTENTS. 


PAGE 

Department of Bridges, N. Y. City, 1901 556 

Engineer Corps, U. S. Army, 1902 . ... 557 

U. S. Reclamation Service, 1904. . . . 560 

Canadian Society of Civil Engineers. 562 

Concrete Steel Engineering Company 564 

British Standard Specifications . 565 

American Society for Testing Materials, 1909 . 569 

United States Government Specification, 1917-1922 572 

PART VIE PITZZOLAN CEMENTS. 

CHAPTER XXXIX. 

rUZZOLANIC MATERIALS IN GENERAL. 

Definition of puzzolanic materials. 575 

Natural puzzolanic materials. . . . 575 

Pozzuolana . . . 576 

Trass . 578 

Santorin . . 578 

Arcnes, etc 579 

Range and average composition of natural puzzolanic materials 581 

Natural puzzolanic materials in the United States 581 

Artificial puzzolanic materials 582 

Burnt clay . . 582 

Blast-furnace slag 582 

CHAPTER XL. 

SLAG CEMENT. REQUISITES ANI) TREATMENT OF THE SLAG. 

Summary of general methods of manufacture .... 584 

Composition of the slag . . 584 

Requisite chemical composition . . 584 

Composition of slags actually used ... . 585 

Selection of slags 587 

Granulating the slag. ... . . . 587 

Methods of granulating the slag 587 

Effects of granulating the slag. . . . 589 

Increased hydrauhcity due to granulation . . 590 

Desulphurization due to granulation 591 

Drying the slag .... ... . 592 

Types of dryers used ... .... . 592 

Rotary dryers ... 592 

Vertical dryers • 595 



TABLE OF CONTENTS. 


XXXI 


CHAPTER XLI. 

SLAG cement: lime, mixing, and grinding 

Character and treatment of the lime 

Composition of the lime 

Burning the lime 

Slaking the lime’. . . . 

Sieving and grinding the lime 

Mixing and grinding 

* Proportions of lime and slag 
Calculating the mixture 
Pulverizing and mixing. . . 

Regulation of set 
General practice at various plants 
Costs of manufacture of slag cement 
Production of slag cement 

List of references on the manufacture of slag cement 
CHAPTER XLII 

SLAG CEMENT. COMPOSITION AND PROPERTIES. 

Identification of slag cements 
Chemical composition of slag cements. . . . 

Elements present 
Analyses of slag cements 
Physical properties of slag cements 
Specific gravity. 

Color 

Rapidity of set. . . 

Strength 

Resistance to mechanical wear. 

Rates of compressive to tensile strength 
List of references on properties and testing of slag cements 
Specifications for slag (puzzolan) cements. . 

American specificat ions . . 

French specifications and use. 

CHAPTER XLIII. 

SLAG BRICKS AND SLAG RLOCKS. 

Definition of the two groups 
Slag bricks . 

Methods of manufacture 
Practice at various plants 
Hardening in steam-c) finders 
Slag blocks . 

INDEX TO SUBJECTS 


PAGE 

. 596 
. 596 
597 

597 
. 598 

598 

598 

599 

600 
601 
602 
606 
607 
607 


... 609 
. 609 

610 
610 
611 
611 
612 
. 613 

613 
613 

613 

614 

615 
615 

... 617 


. 618 
618 
618 
. 619 
. 622 
628 
. 633 




CEMENTS, LIMES, ANI) PLASTERS. 


INTRODUCTION. 

The present volume is devoted to consideration of the various cement- 
ing materials used by the engineer for structural purposes. With this 
broad use of the term, it includes not only the Portland, natural and 
puzzolan cements, but also the ordinary limes and the hydraulic limes, 
magnesia and its cementing products, and the gypsum plasters. 

The technical importance of this group is evident, and some idea of 
of its commercial importance can be gained if we reflect that at present 
the world produces annually some fifty million tons of such materials, 
with a current total value of some three hundred million dollars. At 
the peak of high prices in 1920 it is probable enough that the annual 
world output of all kinds of cementing material would have showed a 
total value of close to five hundred million dollars. In future the total 
values may fall off for some time as the general price level moves irregu- 
larly downward. But the total tonnages produced will still increase from 
year to year, for the world market has not yet reached a permanent 
“ saturation point ” with regard to the demand for cementing materials. 
Both of these phases of the subject will be taken up later in more detail, 
in order that we may get a clear idea of the probable future of the indus- 
tries with which this volume is concerned. 

History of the Chief Cementing Materials. 

At the outset we may giance over the history of the more important 
cementing materials, so far as that history is known, in order to secure a 
background against which our later discussions of growth and statistics 
will stand out more distinctly. 

At the present day, when the Portland cement industry has attained 
such size and importance, it is natural enough to think of that particular 
kind of cement as the typical representative of the group; and it is dif- 
ficult to realize that it is almost, if not quite, the most modern of all the 
cementing materials. The Portland cement industry is still less than a 
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century old, and its period of really rapid growth did not commence 
until within the past thirty years. During all the earlier periods of 
human history engineering structures were made with the help of other 
types of cementing materials, some closely allied to Portland cement, 
others differing widely from it, but all serving the puroose of the engineer 
with more or less efficiency. 

Of the seven classes of cementing materials discussed in the present 
volume, two date back to the remotest periods of antiquity. There docs 
not seem to be the slightest evidence that truly hydraulic cements of the 
kinds we now use were ever employed by the older Asiatic, Egyptian or 
east Mediterranean civilizations. On the other hand there is direct 
proof that at a very early stage of human progress, say ten thousand 
or more years ago, both lime mortars and gypsum plasters were put 
to use in Egypt and elsewhere. But even these two types of cementing 
material were in the early stage, used in most cases as coatings or plas- 
terings, rather than as binding material for the masonry. 

At a considerably later stage in history we find that the Romans, in 
addition to employing lime mortars and gypsum plasters, also made 
use of the earliest type of puzzolan cement. This was made from 
pozzuolana, a volcanic ash that is found abundantly in the vicinity of 
Naples; and at a very early date in Roman history this ash was pow- 
dered, mixed with quicklime, and used for work under water. This 
use of pozzuolana has persisted to the present day, and the ash has given 
its name to the entire group of puzzolan cements , but as will be seen later 
the best-known modern representative of that group is not made from 
volcanic ash but from blast-furnace slag. 

During the Middle Ages, along with the general retrogression in 
technical knowledge, the use even of these primitive puzzolan cements 
seems to have been discontinued except perhaps in Italy itself. The 
material employed for holding masonry together in large structural 
work was plain lime mortar, though by using an abundance of time and 
taking great care in the preparation of the lime and the mortar, structures 
of remarkable strength and durability were finally developed. At a 
few places in Europe, where naturally impure limestones existed, the 
lime made from them must necessarily have had the property of setting 
under water like a cement. But when this occurred it was an accident, 
and there is no evidence that any attempt was made to intentionally 
select limestone whose product had this property. The sporadic 
instances of the occurrence and use of what may be considered a low- 
grade natural cement should not be allowed to obscure the fact that all 
of the great cathedrals, fortresses and other structures of the Middle 
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Ages were built with common lime as a mortar. This practice, indeed, 
continued down to near the close of the eighteenth century, when an 
entirely new series of cements were invented and perfected. These, 
under the names of natural or Rosendale cements, have continued in use 
until the present day. 

The natural cements, made by burning a clayey limestone, came 
into use during the closing years of the eighteenth century and the early 
years of the nineteenth, when along with the other features of the 
Industrial Revolution there was brought about the development of the 
navigable canal system in England and elsewhere, with its necessary 
requirement for a really hydraulic cement. 

Portland cement, now the most important of our cementing materials, 
was invented in 1825, and was thus contemporary with the first railway, 
and the first ocean steamship, while it antedated by some thirty years 
our two important structural steels — Bessemer and open-hearth. 

The magnesian or oxychloride cements came to light still later in the 
nineteenth century, while the use of blast-furnace slag as a cement 
material is of relatively recent date. 

On later pages where the different cementing materials are separately 
discussed, more detailed data are presented relative to their history 
and industrial growth. The present summary is designed merely as an 
outline of the more important facts. It will have served a good purpose 
if it calls attention to two matters of general industrial importance. 
The first of these is that at different times the engineers of the world 
have used different cementing materials, and that the widespread use 
of a certain cement for a long period did not imply that no successor or 
alternative cement was possible. The second is, that the invention of 
the different cements was not an accidental or sporadic occurrence, 
but was related closely to the industrial activities and requirements of 
the period in which the invention took place. 

Relative Importance and Growth. 

Having outlined the manner in which the different cementing mate- 
rials have, at different periods, come successively into engineering use, 
we may now pay some attention to their relative rank or importance as 
engineering materials, and to their comparative growth in such impor- 
tance during recent years. 

In selecting the dates for these comparisons, the decade 1903-1913 
presents certain advantages, and avoids certain difficulties. It gives a 
ten-year record of growth, during a period in which all the world was 
prosperous. It avoids entering upon the period of madness, industri- 
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ally considered, which came to us with the outbreak of the World War. 
The year 1913 was the last year of normal business conditions in any 
industry and in any country. Records for subsequent years would 
be vitiated, for comparative purposes, because from 1914 to 1921 
inclusive industries everywhere were subjected either to unnatural 
stimulus or to equally unnatural repression; while values stated in 
terms of any currency fluctuated, not with business conditions, but with 
variations in government credit and circulation. 

Production in the United States . — The following short table sum- 
marizes the outputs of the various cementing materials in the United 
States during the years 1903 and 1913 respectively. 


Table 1. 

Tonnage of Cementing Materials Produced in United States, 1903-1913. 


Clans of Material 

Output, 1003 

Output, 1913 

Portland cement 

4,244,600 

17,498,430 

Gypsum plasters 

952,543 

1,908,157 

Building lime 

1,000,000 

1,358,099 

Magnesia 

47,208 

183,570 

Natural cement 

931,510 

98,667 

Puzzolan cement 

78,962 

17,707 

Total tonnage cementing materials 

7,254,823 

21,136,630 

l 


These figures become of more service if we use them 1o establish 
the rate at which the various groups increased in output during the 
decade in question. This gives the following results: 


Increase or Decrease during Decade. 

Portland cement . Increase 312 per cent 

Magnesia . Increase 289 “ u 

Gypsum plasters . . .. Increase 108 11 ** 

Building lime Increase 36 u “ 

Puzzolan cement . . .... Decrease 78 11 11 

Natural cement . Decrease 89 “ 11 

Average all classes Increase 191 per cent 

The remarkable nature of this rate of increase is not understood until 
we compare it with that shown, during roughly comparable periods, by 
certain better-known mineral industries. The necessary data for these 
comparisons are fortunately available, having been prepared recently 
for use in another connection.* 

* “Coal, Iron and War,” pp. 120, 217, 313. 
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Taking the four other leading industries of this general type, during 
decades just before the war, so as to avoid the effects of the war itself, we 
find that their percentages of increase in output per decade were as 
follows: 


World output of coal, from 1900 to 1910 increased .... 51 per cent 

World output of pig-iron, from 1900 to 1910 increased . . 02 “ 11 

United States output of sulphuric acid, from 1904 to 1914 93 “ “ 

World output of petroleum from 1900 to 1910 increased 120 “ tl 

United States output of cementing materials from 1903 
to 1913 191 u “ 


It might be added that, if in place of using the 1913 figures in making 
these comparisons, we made use of those for 1919 or 1920, the results 
would merely become more emphatic. We would see an even greater 
rate of increase in the cementing materials as a group. And we would 
see, still more clearly, that this total increase is due to the growth of the 
Portland cement, magnesia and gypsum plaster industries. Limes have 
not much more than held their own for a decade past; while the puzzolan 
and natural cements have actually fallen off in output, and fallen off 
very rapidly. 

Relation to population.— The data as to output of cementing mate- 
rials in the United States and Canada may be made still more interesting 
and useful if we consider them in relation to the population of the two 
producing countries. This comparison, for the 1913 output in each case, 
gives the following results: 


Cementing Material Output per Capita, 1913 



United States 

Canada 

Average 

Production, tons per capita 

0 195 toll 

0 29 ton 

0 20 ton 

Value, dollars per capita 

$1 01 

$1 67 

$1 05 


These comparisons are of special interest because we are dealing 
with countries which, though at an advanced stage of civilization, were 
still in process of rapid growth at the period under consideration. They 
were, in 1913, prosperous and sound financially, both as regards private 
and government finances, so that new enterprises and new construction 
could be readily handled. The results as to structural material con- 
sumption have therefore a very distinct value, which is increased by the 
fact that neither country had, in 1913, any serious export or import 
trade in these commodities. We may accept the averages in the last 
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column, therefore, as being fairly representative of this grade and type 
of community during the last years before the World War. 

In the years after 1913 the cementing material outputs varied with 
general trade conditions, but owing to their heavy fuel consumption 
and the fact that most of their products were not of direct military 
necessity the output did not increase as rapidly as did that of certain 
more immediately necessary products such as the materials used in 
munitions manufacture or in armament. Nevertheless there was a 
gain, not only in total output but in output per capita; and at the height 
of the war-boom it is probable that American and Canadian output 
reached close to one-quarter ton per capita. This figure may be looked 
upon as a temporary maximum, but it will be exceeded during the next 
period of business prosperity. 

The gc7iernl trend of costs and prices . — The first edition of this book 
was written at a time when, for a decade or so, the general price level 
was relatively stable, so that the costs and prices of cementing materials 
could be discussed individually, without paying much attention to 
broader price movements. But as we all know now, that, condition of 
stability is far from being the case at present, and we can make no serious 
use of existing statistics, and no prediction as to the future, unless we 
keep general conditions clearly in mind. For this reason a brief dis- 
cussion of the trend of costs and prices is inserted here; the reader who 
is interested in a more detailed discussion of these subjects is referred 
to a recent, volume * in which they are more adequately treated. Here 
we will consider the matter with special reference to the industries which 
are the immediate subjects of this volume, and with the idea of making 
it possible to utilize, under present and future conditions, the statistical 
data already on hand. 

Judging the known conditions in the light of past experience, we may 
safely conclude that: 

(1) Average prices will fall, on the whole for perhaps the next twenty 
or thirty years, so that the price level of 1950 may be substantially that 
of 1900. This fall would be checked or reversed only by some wide- 
spread cause of inflation such as another great war. 

(2) The fall in prices will, however, not be regular or continuous. 
It will proceed in great cycles, of rapid fall followed by partial recoveries. 
These minor price cycles will be made up of alternating periods of busi- 
ness prosperity and of business depression, as we have always experi- 
enced. But the high points (of price averages) reached during pros- 

* Eckel, E C Coal, Iron and War; a Study in Industrialism Present and 
Future. 8vo, 375 pp New York, 1920; London, 1921. 
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perous periods will not be as high as we have just experienced; while 
the low averages during the depressions will tend to become successively 
lower. 

(3) With regard to any particular commodity, its costs and price 
will vary in part with the trend of average prices, and in part with the 
condition within the particular industry in question. 

The proper use of cost and price data. — With the preceding general 
discussion as a basis, we may now turn to consideration of how these 
facts can be utilized in our immediate study. This can be done most 
simply by using the average price index presented here in Table 2 as a 
means of reducing the figures of cost and price for any given year to 
current values. 


Table 2. 

Average Wholesale Commodity Prices, 1800-1920. 


Yoar 

Index Number 

1890 

84 

1891 

84 

1892 

79 

1893 

79 

1894 

72 

1895 

70 

1896 

67 

1897 

67 

1898 

69 

1899 

76 

1900 

83 


Yeai 

Index .Number 

1901 

81 

1902 

84 

1903 

85 

1904 

84 

1905 

87 

1906 

92 

1907 

97 

1908 

92 

1909 

95 

1910 

99 


Yeai 

Index Number. 

1911 

96 

1912 

100 

1913 

101 

1914 

UK) 

1915 

101 

1916 

124 

1917 

176 

1918 

196 

1919 

212 

1920 

244 


The trend of cementing materials costs and prices . — The data and prin- 
ciples stated above may now be applied more directly to the cementing 
materials industries. 

Here in each case we are dealing with a natural raw material, trans- 
formed into a finished product by the use of fuel, machinery, labor and 
brains. The trend of costs and prices in these industries will in future 
vary with (1) the trend of general or average prices and (2) changes in 
the particular elements of cost of the industry itself. The first factor 
has been discussed in the preceding section; it is concluded that general 
or average commodity prices will fall irregularly for very many years. 
The second factor may now be considered. 

Of the elements of cost in making and marketing lime, plaster or 
cement, that of raw material is likely to have little influence on future 
costs. The raw materials used — limestone, clay, shale, gypsum, etc. — 
are all present on this earth in very large quantities indeed; and there 
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is no chance that, except locally, the supplies will become exhausted 
or so scarce as to tend to raise costs. 

With regard to fuel, this is not the case. It is certain that in future 
we will pay more for coal and oil than we have in the past, regard being 
had of course to the general price level. Each year our coal mines are 
becoming deeper; each year a little poorer and thinner coal is being 
mined; and these conditions will become more noticeable every decade. 
Further than that, the steady increase in labor organization in the Goal 
regions implies a higher labor cost per ton of product. And the known 
situation with regard to oil supplies does not offer much hope of relief 
from that source. 

The machinery and appliances used in the mills are made chiefly 
from two metals which, like coal, seem to have passed their maximum 
of commonness, and which are equally likely to be somewhat dearer in 
future than in the past, relative to the general price level. Neither our 
iron ores nor our copper ores are as yet near exhaustion, but they are not 
as cheaply secured as a decade ago. 

With regard to mill labor, the case is becoming clear enough. During 
periods of business depression there may be temporary falls in wages, 
but year in and year out the tendency is unmistakably the other way. 

Of the four factors so far mentioned, that of raw materials is negative, 
while the other three suggest that the costs and prices of cementing 
materials are not likely to fall as fast as does the average price level; 
and that during upward movements in the average the cementing 
material figure will rise a little faster than the average. As against this 
tendency we have only the last factor available — the utilization of intel- 
ligence more completely. It is by way of new or improved processes 
only that the upward tendency in costs can be held in check. 

Fortunately for the cementing materials industries, their chief 
competition in structural lines will suffer from at least equal disad- 
vantages. Wood is reaching a condition of absolute natural scarcity, 
while steel costs rise as coal and labor become dearer. 


Classification and Relationships of Cementing Materials. 

It seems desirable, before taking up the various classes of cement 
materials individually, to indicate briefly the relationships that exist 
between the different classes which compose this group. 

These relationships, as regards both resemblances and differences, 
seem to be best brought out by the scheme of classification presented 
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below. This classification was first published by the writer in 1902 * 
in a form differing but slightly from that here given. It is based pri- 
marily upon the amount of chemical change caused by the processes 
of manufacture and use; and secondarily upon the chemical composition 
of the cementing material after setting. As regard is paid to both 
technologic and commercial considerations, it would seem to furnish a 
fairly satisfactory working classification. For convenience of ref- 
erence the pages on which the different products are discussed in the 
present volume have been added to the classification. 


Classification of Cementing Materials. 

Croup I. Simple Cementing Materials: including all those cementing 
materials which are produced by the expulsion of a liquid or gas, 
through the action of heat, from a natural raw material, and whose 
setting properties are due to the simple rcabsorption of the same liquid 
or gas, and the reassumption of original composition: the set cement 
being, therefore, similar m chemical composition to the raw material 
from which it was derived. 

Subgroup 1 a. Hydrate Cementing Materials or Plasters: manufac- 
tured by driving off water from gypsum; setting properties due to the 
reabsorption of water. 

Plaster of Paris, l 

Cypsiun plasters, f pp 18 to 74. 

Cement plasters, J 
Dead-burned plasters, pp 75 to 77 
I lard-finish plasters, pp 78 to 80 

Subgroup I b Carbon \te Cementing Materials or Limes and Mag- 
nesia manufactured by driving off carbon dioxide from limestone or 
magnesite; setting properties due to the reabsorption of carbon dioxide. 

Limes, pp 01 to 148 

Magnesia, pp 149 to 171 

Group II. Complex Cementing Materials: including all those cementing 
materials whose setting properties are due to the formation of entirely 
new chemical compounds during manufacture or use; the set cement 
being, therefore, different in chemical composition from the raw mate- 
rial or mixture of raw materials from which it was derived. 

Subgroup II a. Silicate Cementing Materials or Hydraulic Cements: 
setting properties due entirely or largely to the formation of silicates 
during the processes of manufacture or use. 

* Eckel, E C The classification of the crystalline cements. American Geol- 
ogist, vol. 29, pp. 146-154 March, 1902. 
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Hydraulic limes, 
Grappier cements, 
Natural cements, 
Portland cement, 
Puzzolan cements, 


pp. 72 to 199. 
pp 189 to 193 
pp 200 to 267. 
pp 268 to 574 
pp. 575 to 632. 


Subgroup II b. Oxychloride Cementing Materials: setting properties 
due to the formation of oxychlorides. 

Magnesia cements, Sorel stone, etc., pp. 149 to 171. 


The Choice of Cementing Materials. 

In considering the mass of data which is now available regarding 
he properties of the various cementing materials, there is difficulty in 
orting out just those facts which arc necessary in choosing between the 
lifferent classes for different kinds of work. I have therefore prepared a 
irief summary of those facts for insertion here, which I hope will be of 
ervice to some of my readers. So far as known, no engineering text- 
>ook gives exactly this sort of information, arranged in compact fashion; 
tnd of course the comparisons made in the advertising literature of 
nanufacturcrs and dealers are to some extent subject to suspicion, 
't is possible that my own summary contains some errors of either fact 
>r judgment, but it is at least free from considerations of personal interest. 

In choosing the kind of cementing material that should be used for a 
larticular purpose, the choice is oftentimes very clear. Commonly it 
vill be obvious enough that a Portland cement, let us say, must be used; 
md then the only questions will be as to brand and price, neither of 
vhich are subjects for consideration here. But at other times there will 
>e more latitude for choice; or perhaps more specialized requirements 
o be met. In such cases the data summarized below may be service- 
ble. They are arranged under certain headings which seem to be of 
he most general interest. 

Cheapness of cement . — Based upon the usual average cost per ton 
if the crude cementing material itself, those in common use rank about 
,s follows, from cheapest to dearest; (I) ordinary gypsum plaster, (2) 
•rdinary quicklime, (3) hydraulic lime, (4) natural cements, (5) grappier 
ements,(0) slag and other puzzolan cements, (7) fused high-alumina 
>ortland cements, (8) normal Portland cements, (9) high-iron Portland 
ements, (10) magnesia oxychloride cements. 

Cheapness of mortar . — The cheapness of the mortar in which form 
he cementing material will probably be actually used, will depend of 
ourse only in part upon the cost of the crude or neat cement per ton. 
t will depend in larger part upon the sand-carrying capacity of the 
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cement. From this standpoint the rank of the different materials is 
about as follows, beginning with those which have the greatest sand- 
carrying capacity: (1, 2, 3) all the forms of Portland cement— whether 
normal, high-iron or high-alumina, (4) grappier cements, (5) slag 
cement, (6) natural cements, (7) hydraulic limes, (8) ordinary limes, (9) 
gypsum plasters and (10) magnesia cements. 

Quickness of hardening. — Occasionally, in the course of construction 
or repair work, the matter of quick hardening is a factor in the choice. 
From this standpoint the different materials rank about as follows: 
(1) magnesia oxychloride cements, (2) gypsum plasters, (3) high-alumina 
Portlands, (4) normal Portlands, (5) high-iron Portlands, (6) natural 
cements, (7) grappier cements, (8) slag cements, (9) hydraulic limes, (10) 
ordinary limes. 

Color of cement . — For some kinds of work the color of the cement is a 
matter of interest, either on its own account or because a light-colored 
cement will take other tinting better than a dark product. From this 
standpoint there are a number of materials which are normally light 
colored, and can be easily made white or nearly so at no expense; these 
white or whitish cements include the gypsum plasters, the magnesia 
cements, the ordinary and hydraulic limes, the grappier cements and the 
high-alumina Portlands. Slag cement is next in lightness of color; 
and after this comes the average normal Portland. The darkest products 
are the natural cements and the high-iron Portlands. 

Engineering constructions . — When we limit the matter to engineering 
structmes of ordinary type certain of the cementing materials are neces- 
sarily dropped from consideration. The magnesia cements are too dear; 
the ordinary limes and gypsum products are chiefly of use as plasters 
and not as mortars or in concrete. That still leaves, however, a field 
of choice far larger than the average American engineer is accustomed 
to considering. For in this country we have, for good or ill, concen- 
trated on one of the best of the cements and left the others practically 
or entirely unused. Engineers in other countries are not quite so rigid 
in their ideas of utility and economy; and for that reason, since Amer- 
ican engineers are likely to meet foreign competition in work abroad, it is 
worth while speaking of these other products. 

For all reinforced work we may take it for granted that a normal 
Portland cement will be used everywhere; the other types are barred 
out from this important field for one reason or another. For all work 
which must be put in use promptly, we are also limited to either a normal 
or a high-alumina Portland. 

These two classes cover perhaps two-thirds of all modern engineering 
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work. For the remaining third— mass concrete which is not in a hurry— 
there are several alternatives, all more economical than Portland cement, 
in the countries where these other products are made, because they are 
all less costly in the way of fuel used in their manufacture. Reference is 
made particularly to the important groups of hydraulic lines and grap- 
pier cements; their results in long-time tests are discussed later, and 
seem to justify their use for a wide range of work. They are not better 
than Portland but they are cheaper at their points of origin; so that for 
work in Europe or in South America the engineer will do well to keep 
the possibility in mind. F or the United States and Canada it is not even 
a possibility; we have concentrated on normal Portland cement, we 
make it very good and fairly cheap, and we can not be drawn into any 
other line of activity. The envelopment here is likely to be along the 
line of producing an even higher grade of Portland cement, rather than 
by taking up the manufacture and use of other kinds of cements. 

Chemical, Physical and Geologic Data. 

In the course of the present discussion reference will be made fre- 
quently to certain chemical, physical and geologic facts. All of the 
data necessary for these discussions will of course be found in ordinary 
text-books, but for convenience a few of the most necessary matters are 
briefly summarized here. 

The chemical elements. — In Table 3 following the chemical elements 
are listed with their atomic weights. These elements that appear nor- 
mal in cements, limes plasters, slags, fuels, etc., are given in black-faced 
type for convenience of reference. 

Heat-units. — Two heat-units are now in common use — the British 
and the metric. 

The British thermal unit ( = B.T.U.) is the quantity of heat 
required to raise the temperature of 1 lb. of water one degree Fahrenheit 
when at the temperature of maximum density ( = 39.1° F. or 4° C.). 

The metric unit ( = calorie) is the quantity of heat required to raise 
the temperature of 1 kilogram of water one degree centigrade when 
at the temperature of maximum density. 

From these definitions the two units may be converted according 
to the following equations; 

1 B.T.U. = .252 calorie. 

1 calorie = 3.968 B.T.U. 

1 calorie per kilogram = 1.8 B.T.U. per pound. 
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Table 3. 

Atomic Weights of Elements 


Name of Element 

Sym- 

bol 

Atomic Weight 

Name of Element 

Sym- 

bol 

Atomic Weight 

0 = 10 

H = l 

O = 10 

H-l. 

Aluminum . . 

A1 

27 1 

26 9 

Neodymium. . 

Nd 

143 6 

142 5 

Antimony 

8b 

120 2 

119 3 

Neon 

Ne 

20 0 

19 9 

Argon 

A 

39 9 

39 6 

Nickel 

Ni 

58 7 

58 3 

Vrsc n'(* 


75 0 

74 4 

Nitrogen 

N 

14 04 

13 93 


Ba 

137.4 

136 4 

Osmium 

Os 

191.0 

189 0 


Bi 

208.5 

206 9 

Oxygen 

O 

16 00 

15 88 


B 

11 0 

10 9 

Palladium 

Pd 

106 5 

105 7 

Bromine. • 

Br 

79 96 

79 36 

Phosphorus . . . 

P 

31 0 

30 77 

Cadmium 

Cd 

112 4 

111 6 

Platinum . . . 

Pt 

194 8 

193 3 

Caesium 

Cs 

132 9 

131 9 

Potassium 

K 

39 15 

38 85 

Calcium 

Ca 

40 1 

39.7 

Praseodymium. 

Pr 

140 5 

139 4 

Carbon 

c. 

12 0 

11 91 

Radium . ... 

Ra 

225 0 

223 3 

Cerium 

Co 

140 25 

139 2 

Rhodium 

Rh 

103 0 

102 2 

Chlorine. . . . 

Cl 

35 45 

35.18 

Rubidium 

Rb 

85.5 

84 9 

Chromium. . 

Cr 

52 1 

51 7 

Ruthenium. . . . 

Ru 

101.7 

100 9 

Cobalt . . 

Co 

59 0 

58 57 

Samarium. 

Sm 

150 3 

149 2 

Columbium. . 

Cb 

94 0 

93 3 

Scandium 

Sc 

44 1 

43 8 

Copper . . . 

Cu 

63 6 

63 1 

Selenium 

So 

79 2 

78 6 

Erbium . . . 

Er 

166 0 

164 7 

Silicon 

Si 

28 4 

28 2 

Fluorine. 

F 

19 0 

18 9 

Silver 

Ag 

107 93 

107 1 

Gadolinium. . 

Gd 

156 0 

151 8 

Sodium 

Na 

23 05 

22 88 

Gallium .... 

Ga 

70 0 

69 5 

Strontium . . . 

Sr 

87 6 

86 94 

Gormam mn. 

Ge 

72 5 

72 0 

Sulphur . . . 

S 

32 06 

31 82 

Glueinum 

G1 

9 1 

9 03 

Tantalum. . 

Ta 

183 0 

181 6 

Gold 

Au 

197 2 

195 7 

Tellurium.. . 

To 

127 6 

126 6 

Helium .... 

lie 

4 0 

4 0 

Terbium 

Tb 

160 0 

158 8 

Hydrogen .... 

H 

1 008 

1 000 

Thallium 

Tl 

204 1 

202 6 

Indmm 

In 

115 0 

114 1 

Thorium 

Th 

232 5 

230 8 

Tndme 

I 

126 97 

126 01 

Thulium 

Tm 

171 0 

169 7 

Iridium 

Ir 

193 0 

191.5 

Tin . . . . ^. . 

Sn 

119 0 

118 1 

Iron 

Fe 

55 9 

55 5 

Titanium 

Ti 

48 1 

47.7 

Krypton ... . 

Kr 

81 8 

81 2 

Tungsten 

W 

184 0 

182 6 

Lanthanum. . . . 

La 

138 9 

137 9 

Uranium 

U 

238 5 

236 7 

Lead 

Pb 

206 9 

205 35 

Vanadium 

V 

51 2 

50 8 

Lithium 

Li 

7 03 

6 98 

Xenon 

Xe 

128 0 

127 0 

Magnesium. . . . 

Mg 

24 36 

24 18 

Y tterbium 

Yb 

173 0 

171 8 

Manganese . . 

Mn 

55 0 

54 6 

Yttrium 

Yt 

89 0 

88 3 

Mercury. 

Hg 

200 0 

198 5 

Zinc 

Zn 

65 4 

64 9 

Molybdenum 

Mo 

96 0 

95 3 

Zirconmm 

Zr 

90 6 

89 9 


S 35 
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Metric conversion tables. — Since much of the literature of cement- 
ing materials is published in French and German, metric units are 
frequently employed. In the present volume such units have been 
converted into American units throughout, but for convenience a 
few conversion tables are here inserted to cover the more common 
cases. 


Length 

1 inch = 2 51 centimeters 

1 centimeter = 3937 inch 

1 foot = 3048 meter. 

1 meter =39 37 inches. 

= 3 2808 feet. 

Surface. 

1 square inch = 6 452 square centimeters 
1 square centimeter = 155 square inch 

1 square foot = 0929 square meter. 

1 square meter =10 764 square feet 

Volume 

= 16 387 cubic centimeters. 
= 061 cubic inch 

= 02832 cubic meter. 

= 7645 cubic meter. 

= 35 314 cubic feet 
= 1 308 cubic yards. 

Weight. 

1 ounce avoirdupois = 28 35 grams 
1 pound = 4536 kilogram. 

1 kilogram = 2 2046 pounds 

1 metric ton =2204 6 pounds. 


1 cubic inch 
1 cubic centimeter 
1 cubic foot 
1 cubic yard 
1 cubic meter 


1 cubic foot 
1 liter 

1 gallon 


Capacity. 

= 28 317 liters. 

= 61 023 cubic iiiches. 
= 03531 cubic foot. 

= 3 785 liters. 


Pressure 

1 pound per square inch = 070308 kilogram per square inch. 

1 kilogram per square centimeter = 14 223 pounds per square inch 
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Main classes of rocks. — Rocks are classified, according to origin, as 
either (1) igneous or (2) sedimentary. Usually it is easy to determine in 
which of these two classes a given rock should be placed, but as later 
noted there arc times when such determination is very difficult or impos- 
sible. 

The igneous rocks are those which have been formed by the cooling 
of fused material. The original crust of the earth was of course formed 
entirely of igneous rocks, but it is highly improbable that any of this 
original crust is st ill exposed at the earth’s surface. The igneous rocks 
which we encounter now arc of much later age, being derived from molten 
material which has at various times been forced up into and through 
other rocks. 

The sedimentary rocks are those which have been derived from the 
decay or weathering of pre-existing strata, the loose material so freed 
being carriedoff (usually by running water) and finally deposited (usually 
in an ocean or other water-basin) as a bed of sand, clay, shells, etc. 
Later this loosely deposited material has been hardened by pressure or 
other agencies, so that finally beds of sandstone, shale, and limestone 
arc formed. 

Igneous rocks— The igneous rocks differ among themselves in chem- 
ical composition, in mineral composition, in texture and in the details 
of origin; and they may accordingly be classified on any one of these 
bases. But, for our present purposes these matters may be passed over 
briefly, for the igneous rocks are of interest to the cementing material 
industries in only a few relations. 

Most, igneous rocks cooled slowly below the earth’s surface, and in 
consequence their constituent minerals crystallized out definitely. 
Among such massive and more or less coarsely crystalline igneous rocks 
may be noted the granites, syenites, gabbros, etc. Rocks of this type 
are of present interest chiefly because they are much used as concrete 
aggregates. A further special interest arises from the fact that most 
commercial magnesite deposits arc associated, as secondary products, 
with certain very basic igneous rocks, high in iron, lime and magnesia, 
and low in alumina and silica. 

Of the igneous rocks which cooled at or near the surface, one group 
has interest in the present connection. This includes the traps and 
basalts, very extensively used as concrete aggregates and later men- 
tioned as occasionally being second-class puzzolanic materials. 

Finally, the igneous rock material ejected from volcanoes does pos- 
sess special importance to the cement technologist. The volcanic ash 
thus formed is almost invariably a puzzolanic material of high-grade, 
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whether it forms deposits on a land surface, or falls into a sea or lake 
basin to form a tuff. 

Sedimentary rocks— Though the igneous rocks are of slight impor- 
tance in cement manufacture, the sedimentary rocks are of great impor- 
tance indeed, for they furnish all of the limestone, clay, shale and 
gypsum used in the industries. For this reason somewhat more at- 
tention must be paid to them in the present place. 

It has been said previously that the material making up the sed- 
imentary rocks was derived ultimately from the waste or decay of pre- 
existing rock strata. To this we may add that such waste material 
may have been carried away either mechanically, as suspended frag- 
ments; or chemically, in dissolved form. In either case the transport- 
ing agent was, in most cases, running water on the earth’s surface; 
and in most cases the material so transported, whether carried in sus- 
pension or in solution, was finally deposited in an ocean, a lake or other 
water-basin. 

So much being assumed, another stage in the process affords a con- 
venient basis for classifying the sedimentary deposits; and this basis — 
the method of deposition — has been used in the summary following. 

Classification of Sedimentary Rocks. 

1. Mechanical sediments , composed of material transported in sus- 
pension, and deposited by gravity when the transporting water loses 
speed. This group includes the sandstones, conglomerates, clays and 
shales; of which the last two are of interest to the cement manufacturer. 

2. Chemical deposits, composed of material carried in solution and 
deposited because of evaporation or chemical agencies. This group 
includes gypsum deposits and many limestones. 

3. Organic deposits, composed of material carried in solution or 
gaseous form and deposited through action of organisms, either plant or 
animal. This group includes such diverse products as coal, oil, gas, 
diatomaceous earth; and also many limestones. 

Geologic chronology. — By the application of various criteria, the 
relative ages of different series of rocks can be determined with con- 
siderable certainty. Such studies, carried on over most of the inhabited 
portions of the earth, have resulted in a grouping of rocks according to 
their ages, and a fairly complete geologic chronology has gradually been 
worked out so as to cover the whole extent of earth history. Our present 
interest in this phase of geology arises from the fact that, in consulting 
many of the reports listed in the bibliographies scattered through this 
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CHAPTER I. 


COMPOSITION, DISTRIBUTION, AND EXCAVATION OF GYPSUM 


The mineral called gypsum is the raw material which serves as the 
basis for the manufacture of plaster of Paris, “ cement plaster,” and 
the various related types of plasters. In the present chapter the com- 
position, properties, varieties, mode of occurrence, origin, and distribu- 
tion of gypsum will be described in the order named, after which the 
methods and costs of quarrying and mining gypsum will be discussed. 

Chemical composition. — The mineral gypsum, when absolutely pure, 
is a hydrous sulphate of lime, made up of one molecule of lime sulphate 
combined with two molecules of water. The chemical formula of 
gypsum is therefore 0aS04+2Il20. This, when reduced to percentages 
of weight, corresponds to the following: 


Gypsum (CaS0 4 +2H 2 0) = 


Time sulphate (CiuSOi) 79 1% 
Water (II/)) . 20 9 


The 79.1% of lime sulphate can, in turn, be considered as being made 
up of 32.6% of lime (CaO), plus 46.5% of sulphur trioxide (SOa). 
Reduced to its ultimate components, the composition of pure gypsum 
may therefore be represented as follows: 


Gypsum (CaS()4+2H/)) = 


Lime (CaO) 32 6% 

Sulphur trioxide (S0 3 ) 46 5 

Water (II/)) . 20 9 


100 0 

Deposits of gypsum large enough to be worked for plaster are, how- 
ever, rarely even approximately as pure as this. Gypsum as excavated 
for a plaster-plant will usually carry varying and often high percentages 
of such impurities as clay, limestone, magnesian limestone, iron oxide, 
etc. Table 8, on page 53, gives a number of analyses of the gypsum 
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used at various plaster-plants; and a glance at this table will show 
the kind and amount of impurities which may be expected to occur in 
commercial gypsum. 

Varieties of gypsum. — Owing to differences in form, texture, color, 
etc., gypsum presents several varieties, some of which have been given 
distinct names. The ordinary form in which gypsum occurs in the 
workable deposits is as massive or rock gypsum. Alabaster is a pure 
whito, fine-grained massive gypsum, occasionally used for statuary, etc. 
The term selenite is applied to the crystalline, white, almost transparent 
gypsum which occurs frequently, but in relatively small quantity, scat- 
tered through a deposit of massive gypsum. 

Aside from these various forms of rock gypsum, two less massive 
forms of the mineral are to be noted as being of commercial importance. 
In certain Western States and Territories deposits of earthy gypsum , gyp- 
sum earth , or gypsite occur. These deposits contain an impure, earthy, 
granular form of gypsum. Deposits of gypsum sands are also found 
in the West, being dunes or heaps of fine grains of gypsum. 

Physical properties. — Pure gypsum is white and, when in the crystal- 
line form, translucent. The impurities which it commonly contains 
usually destroy its transluccncy and affect its color, so that the mineral 
as mined is an opaque, fine-grained mass, varying from white to reddish, 
gray, or brown in color. 

Gypsum can be distinguished from most other minerals by its 
extreme softness, for even when in the crystalline form it can be readily 
scratched by the finger-nail. When treated with acids it does not 
effervesce. On heating it loses its water of crystallization and, if pre- 
viously translucent, becomes a chalky, opaque white. Pure crystalline 
specimens have a specific gravity * of 2.30 to 2.33. 

Anhydrite. — The mineral anhydrite is closely related to gypsum, 
as it is an anhydrous lime sulphate, with the formula CaS 04 . It there- 
fore corresponds in composition to the product obtained by heating 
gypsum so strongly as to drive off all of its water of combination (see 
pages 31, 32). Anhydrite occurs, but in relatively small amounts, in 
almost all gypsum deposits. Pure specimens have a specific gravity * 
of 2.92 to 2.98. 

Occurrence and origin of gypsum deposits. — Rock gypsum occurs 
in the form of beds, frequently closely associated with beds of rock 
salt, and almost always interstratified with thin beds of limestone and 
thicker beds of red shales. Such gypsum beds may vary greatly in 
extent as well as in thickness. Beds now worked in different American 
* Clarke, F. W. Constants of Nature, Part I, pp. 81, 82. 
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localities, for example, vary from six to sixty feet in thickness. The 
gypsum occurring in the beds frequently contains a considerable per- 
centage of impurities, as is shown by the analyses given in Table 8, 
page 53. 

Deposits of rock gypsum have been formed by the gradual evapora- 
tion, in lake basins or shallow arms of the sea, of waters carrying lime 
sulphate in solution. If any natural water be evaporated to a suf- 
ficient extent, it will deposit the salts which it contains, the order in 
which the various salts are deposited depending principally upon their 
relative proportions in the water and their solubility. A normal water, 
whether from stream, lake, or ocean, will carry as its three commonest 
constituents lime carbonate, lime sulphate, and sodium chloride. If 
such a water be evaporated, therefore, deposits of limestone, gypsum, 
and common salt would result : and, as above noted, these three minerals 
are very common associates in gypsum deposits. 

Gypsum-earth deposits consist of masses of small crystals or grains 
of gypsum, intermingled usually with much clayey matter, sand, etc. 
Such deposits occur in depressions, and are supposed to be formed by 
the evaporation of spring-waters which have taken up lime sulphate 
in solution from underlying beds of rock gypsum, only to deposit it 
again on reaching the surface and being subjected to evaporation. 

In certain areas in the West, notably in Arizona and New Mexico, 
deposits of gypsum sand occur. These deposits are made up of fine 
grains of gypsum, worn off from outcrops of rock gypsum and carried 
by the wind to the place of deposition. 

Geologic distribution of gypsum deposits. — Gypsum has a very wide 
geological range, but the workable gypsum deposits of the United States 
occur at only a few geological horizons. The Salina group of the Silurian 
carries large gypsum deposits which are worked in New York, Ontario, 
Ohio, and Michigan. The Lower Carboniferous carries workable gyp- 
sum deposits in Virginia, Michigan, and Montana. Most of the deposits 
west of the Mississippi occur in rocks of Permian or somewhat later age. 
Three geological series, therefore, carry almost all of the workable 
gypsum of the United States. 

Distribution of gypsum in the United States.— The gypsum-produc- 
ing localities of the United States are indicated on the accompanying map 
This map is taken from the publication cited below,* to which the reader 
is referred for a much more detailed discussion of the subject, and from 
which most of the descriptive matter given below has been abstracted. 

* “ Gypsum Deposits of the United States,” by George I. Adams and others. 
Bulletin No. 223, U. S. Geological Survey. Washington, D. C. 
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East of the Mississippi River, the producing localities are confined 
to central and western New York, southwestern Virginia, northern 
Ohio, and two widely separated areas in Michigan; while a large 
unworked deposit occurs in Florida. West of that river, gypsum deposits 
are both numerous and widely distributed, and plaster-mills are in 
operation in fourteen of the Western States and Territories. 

Brief descriptions of the gypsum resources of the various States 
are given below, the States being taken up, for convenience of reference, 
in alphabetical order. 

Arizona . — Gypsum can be obtained in quantity at several localities 
in southern Arizona, the following being particularly noteworthy; 
(1) In the Santa Rita Mts., Pima County, southeast of Tucson: (2) in 
the low hills along the course of San Pedro River, Cochise and Pinal 
counties; (3) in the Sierrita Mts., Pima County, south of Tucson; (4) in 
the foothills of the Santa Catalina Mts., Pima County, north of Tucson; 
(5) on the Fort Apache Reservation, Navajo County. Of these locali- 
ties only the fourth, north of Tucson, has as yet been commercially 
developed. 

California . — In the Tertiary rocks of California gypsum is widely 
distributed. It is found throughout nearly all the Coast Ranges, par- 
ticularly south of San Francisco Bay, in the foothills of the Great Valley, 
and in the valleys of southern California. Deposits are known to occur 
in the counties of Fresno, Kings, Monterey, Kern, San Luis Obispo, 
Santa Barbara, Ventura, Los Angeles, San Bernardino, Riverside, and 
Orange. 

Colorado . — The gypsum-producing localities of Colorado occur at 
intervals from the northern to the southern border of the State, along 
the eastern foothills of the Rocky Mountains. “ Gypsum has been 
worked extensively near Loveland: beds have also been opened on 
Bear ("reek, near Morrison, and eight miles to the southeast, on Deer 
Creek. Quarries have been developed near Perry Park and in the 
Garden of the Gods, near Colorado City, and also in the vicinity of Can- 
yon City.” Other deposits, as yet unworked, are known to occur in the 
central and western parts of the State. 

Florida . — An extensive area of gypsum, 6 to 8 feet thick, has been 
described as occurring about six miles west of Panasoffkcc, Fla., on 
a low-lying area of hummock-land known as Bear Island. The material 
has not, as yet, been exploited. 

Iowa . — The gypsum of Iowa is confined to a single area of 60 to 70 
square miles, near Fort Dodge, Webster County. The material occurs 
in one bed, which varies from 10 to 25 feet in thickness. It has been 
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extensively worked, eight plaster-mills being now in operation in the 
district. 

Kansas . — “ The gypsum of Kansas consists of extensive beds of 
rock gypsum and a number of deposits of secondary gypsum, or gypsite. 
Some of the rock gypsum is suited to the manufacture of the finer grades 
of plaster of Paris, and the gypsite is particularly adapted for wall and 
cement plasters. There is a sufficient quantity of the gypsite now 
known to permit extensive operations for a number of years. Certain 
of the deposits, however, have shown signs of exhaustion, and have 
been abandoned. It is probable that others will be discovered, as there 
is a demand for further development of the industry. The rock-gypsum 
beds are so vast in their proportions that only those which are favorably 
situated with respect to transportation facilities will probably be worked. 

“ The area in which gypsum is found is an irregular belt extending 
northeast and southwest across the State, as indicated on the accom- 
panying map of Kansas (Fig. 2). It is naturally divided into three 
districts, which, from the important centers of manufacture, may be 
named the northern or Blue Rapids area, in Marshall County; the 
central or Gypsumcity area, in Dickinson and Saline counties; and the 
southern or Medicine Lodge area, in Barber and Comanche counties. 
A number of small areas have been developed between these, connecting 
more or less closely the three main areas. The gypsum is found at 
Manhattan and north of that city, though not worked. It is worked at 
Langford, in the southern part of Clay County, and is found near Man- 
chester, in the northern part of Dickinson County. Gypsum is worked 
near Burns, and has in past years been worked near Peabody and Furley, 
and large deposits are known near Tampa. Farther south, in Sumner 
County, a large mill has been operated at Mulvane, and gypsum has 
been quarried at Geuda Springs. These different localities show an 
almost continuous belt of gypsum across the State.” 

Michigan . — Gypsum is at present worked in two distinct areas in 
Michigan, while a third locality may prove to be of importance in the 
future. The two producing areas are (1) in the vicinity of Grand Rapids; 
and (2) at Alabaster, near Saginaw Bay. The third, and as yet unex- 
ploited, area is near St. Ignace, on the Upper Peninsula. 

Montana . — Gypsum is worked for plaster in Cascade and Carbon 
counties, and is known to occur at many other localities in the 
State. 

Nevada . — At Moundhouse and Lovelocks, in northwestern Nevada, 
gypsum deposits have been developed. Large deposits also occur in 
southern Nevada. 




Fig. 2. — Map of Kansas, showing location of gypsum deposits. 
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Map of New York, showing extent of gypsum-bearing formation. 






COMPOSITION, DISTRIBUTION, AND EXCAVATION OF GYPSUM 25 


New Mexico . — Though gypsum is known to occur in quantity at 
many points, the only commercial development has been at Ancho, 
where a plaster-mill is now in operation. 

New York . — The gypsum in New York State occurs as rock gypsum 
interbedded with shales and shaly limestones. Several gypsum beds, 
separated by shales, usually occur in any given section. They are 
lenticular in shape, but of such horizontal extent that in any given 
quarry they are usually of practically uniform thickness. Those that 
are worked vary from 4 to 10 feet in thickness in most of the quarries, 
but at Fayetteville a 30-foot bed is exposed. The area in which the 
gypsum-bearing formations are found as shown in the map, Fig. 3, 
extends through the central part of the State, the productive portion 
of the belt including parts of Madison, Onondaga, Cayuga, Ontario, 
Genesee, Monroe, Livingston, and Erie counties. 

The most easterly points at which gypsum has been worked are in 
Madison County, but the product there is small and is marketed locally 
for use as land-plaster. In Onondaga County, at Marcellus, Fayette- 
ville, and other points, large quarries are operated, part of the product 
being calcined and part ground for land-plaster. The quarries near 
Union Springs, in Cayuga County, produce principally land-plaster, as 
do those of Phillipsport, Gibson, and Victor, in Ontario County. The 
gypsum from Mumford, Wheatland, Garbuttville, and Oakfield is used 
chiefly for calcined plaster. 

Ohio . — “ The gypsum deposits of Ohio which arc of economic 
value consist of beds of rock gypsum occurring in the northwestern 
part of the Slate. They have been known since the first settlements 
were made on the northern shore of Sandusky Bay. The exposures 
lie at about the level of the waters of the bay, in some places rising a 
few feet above it. In addition to Ihe deposits of economic importance, 
gypsum is found in small pockets and isolated bodies throughout 
the area of the Salina group, which occurs extensively in northwestern 
Ohio. The deposits which are worked vary considerably in thick- 
ness, ranging from a few inches up to 9 feet. On the north shore of 
Sandusky Bay, in Portage Township, Ottawa County, 1500 to 2000 
acres of land have been thoroughly prospected with a core-drill, and 
it has been shown that there are from 150 to 200 acres of workable 
gypsum. On the south shore of the bay, about 2\ miles northwest 
of the town of Castalia, drilling has shown the presence of another 
area of workable gypsum, but no developments have yet been 
undertaken. The location of these deposits is shown on the accom- 
panying map, Fig. 4. It is estimated that at the present rate 




Fig 4 — Map of the gypsum deposits of Ohio. 
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of production the known deposits will last about twenty-five 
years.” 

Oklahoma . — Oklahoma occupies a central position in the belt of 
country which carries extensive gypsum deposits all the way from the 
northern part of Kansas into central Texas (see Fig. 1). Within its 
borders the number and thickness of the beds appear to be greater than 
to the north and south. “ The amount of gypsum appears to be inex- 
haustible. With perhaps two exceptions, each of the western counties 
contains enough material to supply the United States for an indefinite 
length of time, and there are in addition considerable deposits in the 
eastern part of the Territory.” The gypsum in Oklahoma may be con- 
sidered as occurring m four regions: (1) the Kay County region; (2) the 
main line of gypsum hills, extending from Canadian County northwest 
through Kingfisher, Blame, Woods, and Woodward counties to the 
Kansas line; (3) the second gypsum lulls, parallel with the main gypsum 
hills, and from 50 to 70 miles farther southwest, which extend from the 
Keechi Hills, in southeastern Caddo County, northwestward through 
Washita, Custer, Dewey, and Day counties; and (4) the Greer County 
region, occupying the greater part of western Greer County and the 
extreme southeastern corner of Roger Mills County. 

The deposits in Kay County consist of earthy gyspum, or gypsite. 
In the other three regions rock gypsum predominates, although there 
are numerous localities where earthy gypsum occurs in workable bodies. 

Oregon . — Gypsum occurs in Oregon in only one known and exploited 
locality. This is on the ('astern border of the State, near the middle 
point of the boundary-line, on a ridge dividing Burnt River and Snake 
River. A plaster-plant located at lame uses material from this locality. 

South Dakota . — “ In the Black Hills uplift there is brought to the 
surface an elliptical out crop of the Red Beds surrounding the high ridges 
and plateaus of the central portion of the Black Hills. The area is 
about 100 miles long by 50 miles wide, and the outcrop zone has an 
average width of 3 miles, except in a few districts where the rocks dip 
steeply, where it is much narrower. The formation consists mainly 
of red sandy shales, with included beds of gypsum at various horizons, 
some of which are continuous for long distances, while others are of 
local occurrence. The thickness of the deposits varies greatly, but in 
some districts over 30 feet of pure white gypsum occur, and nearly 
throughout the outcrop of the formation it contains deposits of suffi- 
cient thickness and extent as to have commercial value. 

u The gypsum is a prominent feature about Hot Springs. Here the 
principal beds occur about 60 feet above the base of the formation and 
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have a thickness of 33| feet, exclusive of the 10-foot parting of shale 
between them, but this thickness diminishes somewhat northward and 
rapidly southward.” 

Texas . — “ The largest area in Texas containing deposits of gypsum 
lies east of the foot of the Staked Plains, in northern Texas. The beds 
have an approximately northeast-southwest strike and extend from Red 
River to the Colorado in an irregular line, the sinuosities of which are 
produced by the valleys of the eastward-flowing streams. This belt 
is a continuation of the deposits in Oklahoma. 

“ In the eastern part of El Paso County, to the east of Guadaloupe 
Mountains, there is an area of gypsum which extends beyond the bor- 
der of the State northward into New Mexico. It lies north of the 
Texas-Pacific Railroad and west of Pecos River. In a few localities 
this great plain of gypsum is overlain by beds of later limestone and 
conglomerate. The gypsum is conspicuously exposed along the course 
of Delaware Creek, a stream rising in the foothills of the Guadaloupe 
Mountains and flowing eastward into the Pecos. 

“ In the Malone Mountains in El Paso County there is a third area 
which contains notable deposits of rock gypsum. This locality has 
the advantage of being situated near the Southern Pacific Railway.” 

Utah . — “ The more important known deposits occur in the central 
and southern portions of the State, in Juab County, east of Nephi; in 
Sampete and Sevier counties, near Salina; in Millard County, at White 
Mountain, near Fillmore, and in Wayne County in South Wash. They 
are all of the rock-gypsum type, except the one near Fillmore, which is 
in the secondary form of unconsolidated crystalline and granular gypsum 
blown up from dry lakes into dunes. Deposits are also known 
in Emery County, about forty miles southeast of Richfield; in Kane 
County, near Kanab; in Grand County, between Grand River and 
the La Sal Mountains; in Sanpete County, near Gunnison; in the east- 
ern part of Washington County (?), between Duck Lake and Rockville, 
and at other places. Recently enormous deposits of gypsum have 
been reported from Iron County, at points so far from lines of trans- 
portation, however, as to render their exploitation impracticable for 
the present.” 

Virginia . — All the workable gypsum deposits of Virginia occur in 
Washington and Smyth counties, in the valley of the North Fork of 
Holston River. The area within which the known deposits are located 
is a narrow belt about sixteen miles in length, extending from a short 
distance southwest of Saltville to a point about three miles west of 
Chatham Hill post-office. 
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The material occurs as rock gypsum, interbedded with shales and 
shaly limestones of Carboniferous age. The beds of gypsum average 
30 feet in thickness at the localities at which they are now worked. 
The rocks of the district dip at a high angle, however, usually between 
25° and 45°, so that certain wells which have been drilled arc in the 
gypsum for long distances, and accordingly immense thicknesses of 
gypsum have been erroneously reported, because the inclination of 
the deposits was not taken into account. Near Salt ville the dip of the 
gypsum beds which are worked is toward the northwest; at the mines 
further up the valley the dip is to the southeast. 

The development of the gypsum industry in this area has been 
governed almost entirely by the transportation facilities. The deposits 
in the upper valley, though extensive and easily workable, have not 
been largely exploited, owing to the long wagon-haul necessary. The 
deposits at Saltville and Plasterco, which are on a branch of the Nor- 
folk and Western Railroad, have furnished the principal output. 

Throughout the entire area the dip of the gypsum beds is so high 
as to require mining, except at the commencement of the working. 

Wyoming . — Though gypsum deposits occur at many localities in the 
State, only two plaster-plants are at present in operation. These are 
located at Laramie and Red Buttes respectively. A considerable exten- 
sion of the Wyoming plaster industry may, however, be expected; for 
the supplies of gypsum are large and accessible. 

Canada. — Gypsum occurs in New Brunswick, associated with Lower 
Carboniferous limestones, particularly large deposits being shown 
near Hillsboro, Albert County. An analysis of a typical sample from 
Hillsboro is given as No. 25, of Table 9, page 60. 

The gypsum deposits of Ontario occur in the form of beds, associated 
with shales and limestones, in the Salma group. The principal exploited 
deposits are located along the valley of Grand River, from Paris in 
Brant County to near Cayuga in Haldimand County. 

Extensive gypsum beds also occur in Devonian limestones along the 
Moose and French rivers, near James Bay: but these deposits are as 
yet entirely undeveloped. 

In Nova Scotia thick beds of gypsum occur near St. John Harbor, 
Port Bevis, and Baddeck Bay, associated with Carboniferous limestones. 
An analysis of gypsum from near Baddeck Bay is given as No. 26 of 
Table 9, page 60. 

Of the Canadian gypsum deposits, those of New Brunswick and 
Nova Scotia are of interest to American producers, for they have sup- 
plied large quantities of crude gypsum to plaster plants located in the 




Fig 5 — Map of Canada and Newfoundland, Showing Gypsum Deposits 
Canadian Data from Map by Canada Mines Dept Newfoundland Data from Notes by E C Eckel. 
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United States. Most of this gypsum from the Maritime Provinces is 
used in plants located in the seaboard cities, but a considerable amount 
of it is calcined as far west as Syracuse, N. Y. Further details on this 
matter will be found in Chapter V. 

In the prairie and mountain provinces, from Manitoba to the Pacific, 
gypsum deposits often of great size are known to occur. These arc in 
newer geological formations than those of Ontario and Nova Scotia, 
for the gypsums of western Canada arc mostly in Triassic and Ter- 
tiary rocks, like the corresponding deposits of the western United 
States. 

Manitoba contains gypsum deposits of both older and newer series. 
In the region between Lakes Manitoba and Winnipeg, for example, 
Lower Silurian gypsum deposits occur extensively, and have been devel- 
oped for plaster manufacture. In southern Manitoba, on the other 
hand, beds of much later age have been prospected. 

Alberta is known to contain gypsum deposits at a number of local- 
ities in the northern port of the province, along the Athabasca and Peace 
River drainages. Their location, distant from both transportation and 
markets at present, renders these deposits of little economic importance 
now. 

In British Columbia gypsum has been found and worked at Merritt, 
in the Nicola Valley; and its occurrence has been reported from a num- 
ber of other points in the province. 

For details concerning the Canadian deposits reference should be 
made to the two reports following, of which that of Cole is of course the 
more general and important: 

Cole, L. II. Gypsum in Canada; its occurrence, exploitation and technology. 
Bulletin 245, Mines Branch, Canadian Dept, of Mines, Ottawa, 1913, 
256 pp., maps. 

Jennison, W. F. Gypsum deposits of the Maritime Provinces. Bulletin 84, 
Mines Brandi, Canadian Dept. Mines, Ottawa, 1911, 171 pp., maps. 

Newfoundland. — Extensive deposits of gypsum occur in the Lower 
Carboniferous rocks of western Newfoundland. These are specially 
well shown on and near the southern portion of the west coast of the 
island. Though these deposits are essentially continuous for many 
miles, transportation requirements will for the present limit attention 
to those which are located on the west coast or near the railroad. Of 
these three coast areas are notable; the southernmost in the Codroy' 
Island — Cape Anguille region; the second, at Plaster Cove, in the 
so-called Highland region; and the third at Romaines Brook. In addi- 
tion the deposits along Fishels Brook on the railroad are important. 
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Examination of gypsum deposits. — In examining and testing a gyp- 
sum deposit, it is safe to assume that the gypsum is of sedimentary 
origin, and that it occurs in more or less regular beds or lenses. The 
chief problems are concerned with determining the average composition 
of the rock, the presence and proportion of anhydrite, the thickness of 
the stripping, and the average thickness of the gypsum bed itself. 

In default of actual excavation, the best implement for determining 
most of the factors of value noted above is the earth auger, for com- 
monly the material overlying the gypsum, near the outcrop at least, 
will be soil or soft clay, and in such material the auger gives economical 
and fairly accurate results. An auger can be worked in the gypsum 
itself, though with difliculty increasing rapidly with the depth from the 
surface. In most cases the best practice will be to use the auger to 
determine the thickness of overburden, driving it down until it cuts 
sufficiently into the gypsum to prove that a solid bed has been reached. 

When the gypsum is covered by beds of harder rock, such as shales 
or limestones, the auger is of course useless for exploration. In such 
cases churn drilling or rotary drills must be employed to determine the 
thicknesses of the gypsum beds and to secure the samples for analysis. 

A theoretically pure gypsum carries nothing but lime sulphate and 
combined water; and some of the crystalline forms of gypsum often 
approximate this condition of theoretical purity. In general, however, a 
deposit of gypsum large enough to be of commercial use will show that 
certain impurities art* present to a greater or lesser extent, throughout 
the mass of the deposit. 

In most beds of rock gypsum such impurities will not ordinarily 
amount to more than 1 to 3 per cent of the total; and they will consist 
chiefly of lime carbonate, silica, alumina, iron oxide and magnesium 
carbonate. The analyses given in Table 9 on page 60 will serve 
to indicate the composition of rock gypsum actually used at many 
different and widely separated plants. 

The gypsitc or gypsum earth deposits are, in general, much more 
impure than those of rock gypsum; and as shown in Table 10, page 61, 
gypsite as mined may carry from 5 to 10 per cent or more of waste 
matter. 

Excavation and handling of rock gypsum.— Deposits of rock gypsum 
are worked either in open quarries or in mines, the choice depending 
on the thickness of the bed, its dip, and the amount of stripping neces- 
sary. Usually work is commenced in an open cut on the outcrop of 
the gypsum bed. After the entire available face on the property has 
been opened in this manner, it is necessary to decide whether the work- 



34 


CEMENTS, LIMES, AND PLASTERS. 


ings can be most economically driven as underground tunnels or slopes, 
or by stripping and open-cut work. At the Severance quarries at 
Fayetteville, N. Y., over 40 feet of shale and limestone stripping is 
removed, but the total thickness of gypsum beds shown here is 60 feet; 
and such heavy stripping could not be justified in order to work thinner 
beds. 

Under ordinary conditions the cost of quarrying gypsum may range 
from 20 to 35 cents per ton, as compared with 40 to 60 cents per ton 
for mining it. In mining, large pillars must be left at frequent intervals, 
and timbering is necessary, in addition, for extensive workings. 

Mining methods. — The mining methods practiced at a typical Kan- 
sas locality are described * as follows by Crane: 

“ As a rule, there is little or no system employed in laying out the 
workings. Main lines of haulage are run as continuations of the sur- 
face drifts, other openings being run parallel with them on further devel- 
opment, or run from the foot of a shaft sunk to the workable deposit. 
On one or both sides of the haulageways rooms are driven, which 
often run together, thus leaving odd and very irregularly shaped pillars. 
Long working-faces are often formed, which must be again broken 
by passages forming pillars for the support of the roof. Usually, how- 
ever, single rooms, more or less irregular in shape, are opened up and 
worked until the handling of the product becomes inconvenient, when 
new and more advantageously placed openings are begun. 

“ The mine in question was opened by an adit, which, beginning on 
a fairly steep hillside, at a point on a level with the second floor of 
the mill, extends into the hill for a distance of about 1000 feet. No 
special attempt was made to align the adit, consequently considerable 
useless work was done. For the first 400 feet the adit runs approxi- 
mately north; the next 300 feet shows a marked variation from the 
north-and-south line. An attempt was then made to rectify the devia- 
tion by driving a right-angled offset 25 feet in length; the remaining 
300 feet was driven approximately parallel with the first 400 feet. 

“ Unfortunately, the adit was driven so nearly level as to render 
drainage very difficult, and much water stands in depressions on the 
limestone floor. 

“ The adit is lined with rough-hewn oak, walnut, and red-elm timber, 
except the last 300 feet, which has round timbers of similar material. 
Three-quarter sets — that is, sets with posts and caps only — are em- 
ployed. The posts and caps are 6 feet 2 inches and 6 feet 4 inches 

* Crane, W. R. The gypsum-plaster industry of Kansas. Eng. and Mining 
Journal, p. 442, March 17, 1904. 
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long, respectively, both being 8X8 inches in section. They are spaced 
36 inches. The posts stand on a limestone stratum 2 feet in thickness, 
and therefore require no sills. The sets for the first 700 feet are lagged 
with 2 X 12-inch oak plank; the remaining 300 feet has plank lagging 
on the caps and pole-lagging on the posts. A single track of 36-inch 
gauge is laid in the middle of the tunnel for the mine-cars, which are 
drawn by mule-power. The cars have a capacity of from 800 to 1000 
lbs. gypsum. 

“ The gypsum mined is 8.5 feet thick and is won by shooting it from 
the face or sides of the rooms, holes being bored by hand-operated 
post-augers, Hardscop make. The holes are 1.5 inches in diameter 
and range from 3 to 6 feet deep. Black powder of C grade is usually 
employed, the charge ranging from 6 to 14 inches per hole. Squibs 
are employed in firing the charges. The cost of explosive per ton of 
gypsum extracted is about four cents. 

A 4 X 6-foot air-shaft connects the end of the adit with the surface, 
96 feet above.” 

Working gypsum-earth deposits.— Deposits of gypsito or gypsum 
earth, being purely surface deposits of a soft granular material, can 
be worked best by methods entirely different from those used in exca- 
vating rock gypsum. The gypsum earth is not only soft, but frequently 
carries a large percentage of moisture: and as it freezes deeply because 
Df this moisture, the Kansas deposits can be worked only during warm 
weather. If the gypsum earth is covered by soil or sand, this is stripped. 
The gypsum earth is then loosened by disk harrows or plows, and taken 
jp by wheeled scrapers. It is then taken to drying-sheds, in order 
:o get rid inexpensively of as much of the water as possible. The cost 
)f working a gypsum-earth deposit, under average conditions, may 
‘all between 10 and 25 cents per ton. 
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CHEMISTRY OF GYPSUM-BURNING MANUFACTURE OF PLASTERS 

Before taking up the actual methods and details of plaster-manu- 
facture, it will be of advantage to discuss briefly the chemical and physi- 
cal principles on which the industry is based. 

Chemistry of gypsum-burning.— Pure crude gypsum is a hydrous 
sulphate of lime, with a chemical formula CaS04+2Ii 2 0. This corre- 
sponds to the composition: 


r f Lime (CaO) . . . 

32 0% ) 

J Lime sulphate (CaS0 4 ) j Sulphur trioxide 

= 79 1% 

l (SO,) 

46 5 J 

' Water (11,0) . 

20 9 


100 0 

If pure crude gypsum be heated to a temperature of more than 
212° F. and less than 400° F., a certain definite portion of the water 
of combination will be driven off, and the gypsum thus partially dehy- 
drated will be plaster of Paris. Plaster of Paris has the formula 
CaS04 + 2 H20, Corresponding to the composition: 


CaS0 4 +II 2 0 = 


Lime .sulphate' (CaS0 4 ) 
Water (1LO) 


03 8 % 
(> 2 


Three-fourths of the original water of combination have therefore 
been driven off in the course of the process. Dehydration to this extent 
can, as above noted, be accomplished at any temperature between 
212° F. and 400° F. In actual practice, however, it is found most 
economical of fuel and time to carry on the process at the highest allow- 
able temperatures; and 330° to 395° F. may be regarded as the usual 
limiting temperatures for plaster-manufacture. 

About 400° F. is a critical temperature, for if gypsum be heated at 
temperatures much above this, it loses all of its water of combination, 
becoming an entirely anhydrous sulphate of lime, and useless as a 
normal plaster. Under certain conditions, however, gypsum burned 
at temperatures above 400° F. gains valuable properties. Such highly 
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burned gypsum products will be considered in Chapter IV, under the 
head of Flooring and Hard-finish Plasters. 

Recurring to plasters burned at temperatures lower than 400° F., 
it may be said that if the gypsum is pure, the resulting plaster will 
harden or set very rapidly when mixed with water, reabsorbing sufficient 
water to regain its original composition of CaS04+2H 2 0. Such quick- 
setting pure plasters are conveniently grouped as plaster of Paris. If, 
however, the crude gypsum carried a large percentage of impurities, 
or if certain materials are added to the plaster after burning, the product 
will set much more slowly. Such slow-setting plasters are of value in 
structural work, and are marketed under the somewhat misleading 
name of “ cement plasters.” The term is unfortunate, because such 
“ cement plasters ” are in no way related to the much better known 
“ hydraulic cements ” discussed later in this volume. 

Using the properties above noted as a basis for classification, the 
group of plasters may be subdivided as follows; 

Classification of Plasters 

A Produced by the incomplete dehydration of gypsum, the calcination being 
carried on at a temperature not exceeding 400° F 

1 Produced by the calcination of a pure gypsum, no foreign materials being 

added either during or after calcination Plaster of Paris 

2 Produced by the calcination of a gypsum containing certain natural 

impurities, or by the addition to a calcined pure gypsum of cer- 

tain materials which serve to retard the set of the product 

Cement Plaster 

B. Produced by the complete dehydration of gypsum, the calcination being carried 
on at temperatures exceeding 400° F 

3 Produced by the calcination of a pure gypsum Flooring-plaster 

4 Produced by the calcination, at a red heat or over, of gypsum to 

which certain substances (usually alum or borax) have been 

added Hard-finish Plaster 

Commercial classification of plasters —In the trade the names above 
suggested are used quite extensively, but at times in a careless and 
indefinite fashion. 

Calcined plaster commonly means a burned plaster to which no 
retarder has been added. If the gypsum from which it was made was 
pure, the resulting calcined plaster will be a plaster of Pans , as defined 
above. If the gypsum used was impure, however, the resulting calcined 
plaster would be a cement plaster , as defined above. 

Stucco is almost a synonym for plaster of Paris , as it contains no 
retarder and is made from fairly pure gypsum : but the product handled 
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commercially as plaster of Paris is usually more finely ground than 
stucco and is as white as possible. 

Wall-plasters are made by adding not only retarder but also hair 
(or some other fiber) to calcined plaster. 

Keene's “ cement," Parian “ cement," etc., are plasters used as 
hard finishes in buildings. Their properties are due to certain pecu- 
liarities of their manufacture, for which reference should be made to 
Chapter IV. 

In the present chapter the manufacture of plaster of Paris, cement 
plaster, and wall-plaster will be taken up, and followed by a chapter on 
the properties of the resulting products. The manufacture and proper- 
ties of the flooring and hard-finish plasters will be discussed together in 
Chapter IV. 

Manufacture of Plaster of Paris, “ Cement Plaster," and Wall-plaster. 

Though plaster of Paris and “ cement plasters " are very distinct 
so far as properties and fields of use are concerned, their processes of 
manufacture are so similar that they will be treated together in this 
chapter. It will be recalled that in manufacturing plaster of Paris a 
pure gypsum is used, so that the product sets very rapidly, while in 
making cement plasters slowness of set is obtained either by using a 
naturally impure gypsum or by adding a retarder to the material during 
or after its manufacture. Aside from this difference, and a slight 
difference in the calcining temperature, which is usually somewhat 
lower for plaster of Paris than for cement plaster, the methods employed 
in making the two products are closely similar. 

Two operations arc necessary in manufacturing both kinds of plaster: 
the raw material must be properly calcined and finely ground. The 
grinding may either precede or follow the burning, for the order of 
the two operations depends largely upon what calcining process is used. 
If the burning is carried on in kettles, the grinding is usually done first; 
but if the burning is carried on in ovens or rotating cylinders, the raw 
material is necessarily or advisably fed in lumps, and the fine grinding, 
therefore, follows the burning. In the present chapter the subject 
will be discussed under the following headings: 

(1) Grinding gypsum and plaster. 

(2) Calcining by the oven process. 

(3) Calcining by the kettle process. 

(4) Calcining by the rotary cylinder process. 

(5) Addition of retarders and acceleration. 

(6) Costs of plaster-manufacture. 
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Effect of temperature and time on properties — Leduc and Che nu* 

have carried out important experiments to determine the effect which 
the temperature and duration of the burning have upon the properties 
of the resultant plasters. Some of the tests are presented here, arranged 
so as best to bring out the results. 


Table 4. 

Effect of Temperature and Time on Plaster-burning 


Temperature of Burning, 
Centigrade 

Duration 

of 

Burning, 

Minutes 

Tests of Resulting PlaBterB 

Setting Time. 

Compressive Strength, 
Kilograms per Square 
Centimeter 

Beginning, 

Minutes 

End, 

Minutes 

1 Day 

1 Week 

150 degrees 

5 

45 

60 

21 4 

22 0 


30 

40 

95 

18 2 

18 0 


GO 

45 

70 

37 1 

33 0 


120 

45 

75 

27 3 

31 0 

200 degrees 

5 

27 

62 

34 3 

33 


30 

20 

GO 

59 

54 


60 

25 

45 

67 

56 


120 

22 

42 

58 

52 


240 

15 

35 

78.7 

91 

250 degrees 

5 

13 

33 

76 

72 


30 

10 

26 

92 

90 


60 

7 

27 

86 

90 


120 

6 

13 

97 

101 


240 

4 

16 

87 

88 

300 degrees 

5 

4 

18 

80 

101 


30 

4 

12 

72 

110 


60 

21 

81 

65 

91 


120 

2 

9 

46 

97 


240 

u 

41 

50 

100 


These French experiments indicate that: 

1. At whatever temperature the burning is conducted, within the 
limits of 150 and 300 degrees Centigrade, the initial and final sets are 
hastened by long burning. 

2. The compressive strength shows a tendency to increase with length 
of burning time, at any temperature up to and including 250 degrees. 
Above this temperature the effect of longer exposure is injurious. 

3. Time of burning being equal, the initial and final sets are hastened 

* Leduc et Chenu. Chaux, Ciments, Platres, pp 172-173. 
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commercially as plaster of Paris is usually more finely ground than 
stucco and is as white as possible. 

Wall-plasters are made by adding not only retarder but also hair 
(or some other fiber) to calcined plaster. 

Keene's “ cement," Parian “ cement," etc., are plasters used as 
hard finishes in buildings. Their properties are due to certain pecu- 
liarities of their manufacture, for which reference should be made to 
Chapter IV. 

In the present chapter the manufacture of plaster of Paris, cement 
plaster, and wall-plaster will be taken up, and followed by a chapter on 
the properties of the resulting products. The manufacture and proper- 
ties of the flooring and hard-finish plasters will be discussed together in 
Chapter IV. 

Manufacture of Plaster of Paris, “ Cement Plaster," and Wall-plaster. 

Though plaster of Paris and “ cement plasters " are very distinct 
so far as properties and fields of use are concerned, their processes of 
manufacture are so similar that they will be treated together in this 
chapter. It will be recalled that in manufacturing plaster of Paris a 
pure gypsum is used, so that the product sets very rapidly, while in 
making cement plasters slowness of set is obtained either by using a 
naturally impure gypsum or by adding a retarder to the material during 
or after its manufacture. Aside from this difference, and a slight 
difference in the calcining temperature, which is usually somewhat 
lower for plaster of Paris than for cement plaster, the methods employed 
in making the two products are closely similar. 

Two operations arc necessary in manufacturing both kinds of plaster: 
the raw material must be properly calcined and finely ground. The 
grinding may either precede or follow the burning, for the order of 
the two operations depends largely upon what calcining process is used. 
If the burning is carried on in kettles, the grinding is usually done first; 
but if the burning is carried on in ovens or rotating cylinders, the raw 
material is necessarily or advisably fed in lumps, and the fine grinding, 
therefore, follows the burning. In the present chapter the subject 
will be discussed under the following headings: 

(1) Grinding gypsum and plaster. 

(2) Calcining by the oven process. 

(3) Calcining by the kettle process. 

(4) Calcining by the rotary cylinder process. 

(5) Addition of retarders and acceleration. 

(6) Costs of plaster-manufacture. 
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(1) The lump gypsum, as quarried, is crushed to 2- to 4-inch size 
in a Blake, Gates, or other coarse crusher. 

(2) The product of the coarse crushers is fed to reducers of the 
coffee-mill type, which crush it to about \ inch or so. 

(3) The final pulverizing is accomplished in either buhrstone mills, 
Sturtcvant rock-emery mills, or Stedman disintegrators. These reduce 
the gypsum so that from 55 to 05 per cent will pass a 100-mesh sieve, 
and it- is then ready to be fed to the kettles. 



Fig. 7. — Nipper for coarse crushing of gvpsurn (Lutterworth & Lowe ) 

A typical series of gypsum-grinding machinery is shown in Figs. 
7-9. Fig. 7 shows a “ nipper,” used for the first coarse reduction. 
It is a heavy crusher of the jaw type, and when used for gypsum- 
crushing is usually equipped with corrugated jaws, in order to pre- 
vent clogging. The machine shown in the illustration has a jaw- 
opening of 16§” X25J", and a shipping-weight of 10,200 lbs. A smaller 
nipper, weighing 8100 lbs. and with a 36”X12” belt pulley, is quoted 
as having a capacity of 10 to 14 tons per hour. 

The “nipper” is usually followed by the “cracker” (Fig. 8), 
which is a heavy machine of the familiar toothed spindle type. 
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A cracker weighing 8000 lbs. has a capacity of 12 to 15 tons per 
hour. 

For the final reduction the Stedman disintegrator, Sturtevant rock- 
emery mill, or ordinary buhrstones are generally used. The last two 










Fig 8. — Cracker for intermediate reduction. (Butterworth & Lowe ) 

machines are described in a later section of this volume (pp. 234, 236), as 
they are quite extensively used in grinding natural-cement clinker. 

The Stedman disintegrator (Fig. 9), is composed essentially of four 
concentrically placed cages, formed of steel bars. Of these cages, the 
first and third revolve in one direction, the second and fourth in the 
opposite. The material to be crushed is fed into a hopper which dis- 
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charges it at the center of the cages. The gypsum lumps are struck 
by the bars of the inner cage, and thrown outward at high velocity. 
The bars of the second cage, revolving in the opposite direction, strike 





Fiq. 9. — Stcdman disintegrator, 50-inch, heavy pattern; open and slid apart. 

them with a blow of double force, and this operation is repeated by the 
bars of the third and fourth cages in succession. 

Table G. 


Sizes, Capacity, etc , of Stedman Disintegrators 


Size 

Horse- 

power 

Capacity in 10 
Hours 

Weight, 

Lbs 

30-inch disintegrator, heavy pattern 

36- “ 

42- “ “ light 

40- “ “ heavy “ 

44- “ 

50- “ 

6-9 

12 18 
12-18 
! 20-25 

30-35 
35-45 

8 to 10 tons 
18 “ 25 “ 

20 “ 30 “ 

25 “ 35 “ 

40 “ 50 “ 

60 “ 75 “ 

3.000 
5,500 

6.000 
10,000 
12,000 
15,000 


After being reduced as above described, the gypsum is calcined. 
Usually it is necessary to regrind some of the product which comes from 
the kettles; and this may be accomplished in any of the fine grinders 
above noted. 
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When the rotary process is used, it is customary not to pulverize the 
material until after calcining. As calcined plaster is much easier to 
grind than crude gypsum, a considerable saving in power and repairs 
is effected by this difference in practice. 

Calcining in ovens. — In the manufacture of the higher grades of 
plaster of Paris it is necessary that the material should be calcined 
with extreme uniformity and at exactly the proper temperature. This 
uniformity in burning is attainable in ovens, though the process is 
necessarily expensive in fuel and labor For these reasons the oven 
process has not been used in the United States, though it still persists 
in Europe for certain grades of plasters. 

Calcining in kettles.— The favorite process in the LTnited States, 
particularly in the plaster-plants of the Middle West, is that in which 
the calcination is effected in kettles. As noted later in discussing 
continuous calcining processes (pp. 50-54) the kettle process is slow, 
low in output, and expensive in fuel. For these reasons it will probably 
disappear as the continuous rotary calciner becomes perfected; but 
at present it is still used in the majority of American plaster-plants. 
The statements above should not be construed as a too sweeping con- 
demnation of the kettle process, for that process is undoubtedly far 
superior in economy to its European progenitor, the oven process. 

The following description of the process of calcining plaster in kettles 
is abstracted, in large part, from an admirable paper * by Wilkinson. 

In this process the gypsum is ground, and charged into cylindrical 
“ kettles.” Ileat is applied both at the bottom of the kettle and by 
flues passing entirely through the cylinder. 

A heavy stone or brick masonry support is built for the kettle, 
inclosing a fire-space in the form of an inverted cone about 4 feet high. 
At the top of this cone a cast-iron flanged ring is set in the masonry. 
On this flange is placed the “ kettle-bottom,” which is an iron casting, 
concavo-convex in shape, a little less than 8 or 10 feet in diameter, 
with the convexity placed upward, the rise being 1 foot. This bottom 
has a thickness of f inch at the edges and 4 inches at the crown. Kettle- 
bottoms must be made of the best scrap-iron, as ordinary scrap-iron does 
not last as long as pig. Sheet steel has been tried, but does not serve 
as well as the best scrap. “ The life of a kettle-bottom is terminated 
by cracking. The cracks can be calked with asbestos cement, but 
the expense of stoppage and repairing soon overcomes the saving.” 

Within the past few years sectional kettle-bottoms have been intro- 
duced quite extensively. A kettle of this type is shown in Fig. 12, 
* Trans. Am. Inst. Mining Engineers, vol. 27, pp. 514 ct seq. 
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| to | inch thick, and is commonly 8 to 10 foot in diameter and 6 to 
8 feet deep. Such a kettle holds about 7 to 12 tons of raw material, 
producing from F)\ to 10 tons of plaster. The kettle has two or four 
flues 12 inches in diameter, placed horizontally about 8 inches above 
the crown of the kettle-bottom and separated externally about 6 inches. 
After the kettle has been set, brick masonry is erected around it, gradu- 



Fig. 11. — Four-flue kettle, with accessories, dismounted (Butterworth & Lowe) 


ally converging at the top to meet the top rim of the kettle. The 
first floor of the mill is usually built around the kettle about a foot 
from the top, sometimes level with the top, to facilitate shoveling the 
raw material into the kettle, and the kettle with its supports is in the 
basement, with storage room for fuel conveniently arranged in front 
of the kettle. Ports are made through the side of the base ring, and 
the heat from the furnace is deflected by bridges around the surface 
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of the kettle, so that the heat may cover every part of the kettle, pass 
through the flues, and finally make exit through a regular stack. 

At the top the kettle is covered with a sheet-iron cap having a mov- 
able door, through which the raw material is introduced, usually by 
a chute fed by an elevator. 

The shipping-weight of an 8-foot- kettle is about 15,000 lbs., and 
of a 10-foot kettle about 18 500 lbs. Their list prices are about $1200 
and $1,600, respectively. 



Fig. 12. — Kettle with sectional bottom. (Des Moines Mfg. Co.) 

The kettles are usually arranged in line and worked in pairs, with 
one feeding chute and one pit for calcined material for each pair. It 
is necessary that the material in the kettle be kept constantly agitated, 
and for this purpose a line-shaft carrying a 1-inch vertical pinion-wheel 
runs over the kettles and a 4-inch vertical shaft with a 5-inch hori- 
zontal crown-wheel runs from this to the bottom of each kettle, being 
supported by a saddle placed between the flues. At the bottom of 
the vertical shaft a curved cross is attached, to which are affixed movable 
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teeth with paddles, run at 15 revolutions per minute, which are so 
adjusted as to throw the material from the periphery to the center. 
From 10 to 25 H.P. are required to run one agitator. Should the agita- 
tion stop, or the teeth become broken, the material settles down on 
the bottom and, owing to the intense heat, the bottom is almost 
instantly melted through. The material, which when hot is very fluid, 
runs through like water and quenches the fire. Stoppage of the agita- 
tion can usually be detected by the calciner, who stands above -and is 
supposed to watch the process of calcination constantly. 

In burning plaster of Paris the temperature does not exceed 340° F., 
but when gypsite (gypsum earth) is used a higher temperature is 
required, averaging close to 390° F., probably owing to the foreign mat- 
ters included in the gypsite. 

In starting a kettle, the heat is gradually applied, and the crude 
material is gradually fed in and constantly agitated. This process is 
slow and requires some length of time, owing to the vast amount of 
mechanically held water which must be evaporated when the wet gypsum 
earths are used. Material is gradually added until the kettle is full, and 
as the temperature rises the contents boil violently, much like water, at 
220°-230° F. (105°- 1 10° C.). When the mechanically held water is evap- 
orated the contents of the kettle settle. Further heating, however, 
brings on boiling again, at about 290° F. ( = 143° C.), part of the water of 
combination being now driven off. The point at which the process is 
complete, 340°- 390° F., is known to the expert calciner by the manner 
in which the material boils and by its general appearance, and at the 
proper moment the calciner allows l he charge to blow out through a 
small gate at the bottom and in the side of the kettle, controlled by a 
lever. In plaster-of-Paris plants thermometers are commonly used to 
govern the temperature exactly, but in gypsite plants, whose raw mate- 
rial is not so uniform in composition, the proper point varies slightly and 
is usually best known by an experienced calciner. 

The escaping steam is let off by means of a stack let into the sheet- 
iron cover of the kettle parallel with the smoke-stack, and this stack 
contains near its base a separator similar to the steam-separators, for 
the purpose of retaining the plaster-dust. It has been found by raising 
the iron cover about 18 inches and putting on proper sides, that it 
furnishes a chamber above the boiling material and greatly assists 
the escape of the steam from it. 

From the kettle the hot material runs like water into a fire-proof 
pit. The kettles are usually run in couples so that one pit will do for 
two kettles: and one chute will do for two kettles in filling, as the kettles 
are run at slightly different periods. Each kettle contains a charge of 
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Fig. 13. — Section of 100-ton plaster-mill, kettle process. 
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about five tons of manufactured material, and requires from two to three 
hours to calcine properly. After cooling slightly, the manufactured mate- 
rial is elevated into a revolving screen, which separates all small particles 
and foreign matter and renders the product uniform. The screenings 
which usually amount to from \ to 1 per cent only are sent back to buhr- 
stones and reground. It is usual to have a series of screw-conveyors and 
elevators both in front of and behind the screen, so as to mix the material 
thoroughly. Owing to the temperature of the material, all conveyors, 
elevators, and interior linings must be of metal, and the screen is made 
of wire cloth. From the screen the material is conveyed to the storage- 
bins (which are usually arranged to hold 100 or 200 tons), of which there 
are several, so as to separate, if desired, the runs of different days. The 
material is usually allowed to fall from a screw at the top of the building, 
first, that it may spread out and let the different portions mix thor- 
oughly, and, secondly, that it may cool in passing through the air. 

1 Temperature and water determinations made by Slosson and Moudy 
during an actual run of the Laramie (Wyo.) plaster-plant arc given 
in the following table. The kettle used carried a charge of about five 
tons, and the run was completed in about three hours. As shown by 
the water determinations the raw material (gypsum earth) carried a 
very large percentage of moisture in addition to its necessary water’ 
of crystallization. An analysis of the finished product, given below, 
shows that it is made from a very impure gypsum: 

Analysis of Laramie Plaster. 


Lime sulphate (CaS0 4 ) . 73 73% 

Lime carbonate ( aCO*) 7 86% 

Lime (CaO) . . . . 2 35% 

Magnesium carbonate (MgC0 3 ) . . 3 04% 

Silica (Si0 2 ) 5.50% 

Alumina (AI 2 O 3 ) 0.59% 

Water (H*0) 6 93% 


Table 7. 

Temperatures in Cement-plaster Manufacture. 


Time. 

Temperature 

Pounds Water 
Contained per 
100 Pounds 
CaS0 4 

Percentage 

Water 

Contained. 

Remarks. 

Hrs. 

0 

Mm. 

0 1 

65° F. 

59 93 lbs. 

32 02% 

Kettle charged. 

2 

0 

310° F. 

16 85 “ 

11 69% 

Kettle full. 

2 

20 

320° F. 

13 66 “ 

9 69% 

Charge boiling. 

2 

30 

340° F. 

12 41 “ 

8 34% 

End of first boil. 

2 

50 

390° F. 

9 17 “ 

6 75% 

Charge dumped. 


Inspection of this analysis also proves that the plaster still carries 
a little more water than is theoretically correct. If these various points 
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be borne in mind, the temperature determinations given below will 
prove of value. 

Actual equipment of kettle-process plants. — Plans of two kettle- 
process plants are given in Figs. 13 and 14. The following data, giving 
the actual equipments of a number of plaster-plants in the United States, 
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Fig. 3. FIRST FLOOR 



Fig. 14.— Plan of Electric Plaster Co ’s mill, Blue Rapids, Kansas. 
(Engineering and Mining Journal.) 

will serve to give a good idea of the relation of crushing machinery to 
number of kettles: 

Plant No. 1. (a) 2 Butterworth & Lowe nippers. 

C b ) 2 Butterworth & Lowe crackers. 

(c) 4 runs of 4-foot buhrstones and 1 Sturtevant vertical rock emery 

mill. 

( d ) 4 10-foot kettles holding 10 tons each. 

(e) 8 runs of small buhrstones for regrinding finer grades of plaster. 
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Plant No. 2. 


Plant No. 3. 


Plant No. 4. 


Plant No. 5. 


Plant No. 6. 


Plant No. 7 


Plant No. 8. 


Plant No. 9. 


Plant No. 10. 


(a) 1 nipper. 

(b) 1 cracker. 

(c) 4 runs of buhrstones. 

(d) 3 10-foot kettles. 

(а) 1 Godfrey double nipper and cracker. 

(б) 3 Sturtevant vertical rock emery mills. 

(c) 3 10-foot kettles. 

( d ) 2 runs of small buhrs for regrinding. 

(a) 1 nipper. 

( b ) 1 cracker. 

(c) 2 runs of buhrstones and 1 Sturtevant vertical rock emery mill. 

(d) 2 10-foot kettles. 

(e) 3 runs of buhrstones for rcgrinding. 

(а) 1 nipper. 

(б) 1 cracker. 

(c) 2 runs of buhrstones. 

(d) 1 10-foot kettle. 

(a) 1 nipper. 

(b) 1 cracker. 

(c) 4 runs of buhrstones. 

(d) 2 8-foot, and 1 10-foot kettles. 

(a) 1 Stedman disintegrator. 

(b) 3 runs of buhrstones. 

(c) 3 10-foot kettles. 

(d) 2 runs of buhrstones for regrinding. 

(a) 1 Butterworth & Lowe nipper. 

(b) 1 cracker. 

(c) 4 runs of buhrstones. 

(d) 2 8-foot kettles. 

(e) 1 run of buhrstones for rcgrinding. 

(a) 1 Blake crusher. 

(b) 1 cracker. 

(c) 5 runs of burhstones. 

(d) 5 10-foot kettles. 

(а) 1 Blake crusher. 

(б) 2 runs of buhrstones. 

(c) 2 10-foot kettles. 


Rotary-cylinder processes.— It will probably have been noted by 
the reader that both of the plaster-calcining processes previously 
described are discontinuous in operation and consequently expensive 
in both time and fuel. These defects of the oven and kettle processes 
are avoided in the rotary cylinder processes now coming into use in 
both America and Europe. In the United States a rotary process 
has been adopted in a number of New York plaster-plants, and has 
been in practical operation for a sufficiently long time to demonstrate its 
superiority over the kettle process. In Europe, to judge from a recent de- 
scription of the German plaster industry, rotary plaster calciners have 
been used for a number of years and have proven entirely satisfactory. 
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Fig. 15 — Flow Sheet of Great Northern Plaster Mill, Eastern Harbor, Nova Scotia. 
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Cummer system . — Most of the American plants using the rotary cal- 
cination process have been equipped on the system devised by the 
F. D. Cummer & Son Co., of Cleveland, Ohio. 

The plan of a New York plant using this process is shown in Fig. 16. 
This plant uses rock gypsum, and with the equipment shown produces 
50 tons of calcined plaster per day of eleven hours, six men being 
required to operate the mill. The rock coming direct from the mine is 
delivered into the jaw crusher A, where it is reduced so as to pass a 
2§-inch ring. Elevator B carries the crushed rock from crusher to 
screen C, which separates all material that will pass a 1-inch ring. The 
tailings from the screen pass through the rolls D and meet with the 
material which passes through the screen. All of the material now 



crushed to pass a 1-inch ring is carried by elevator E and delivered 
into bin F. From this bin the crushed rock is fed mechanically by 
feeder H into the Cummer rotary calciner G. In this machine most of 
the free moisture is eliminated, and the process of calcining also carried 
forward toward completion. The material delivered from the rotary 
calciner is steaming and heated to from 350° to 400° F., the exact tem- 
perature depending upon the nature and density of the rock. Elevator 
J carries the product from the calciner to the Cummer calcining-bins K, 
where it is allowed to remain about thirty-six hours. During this time 
the resident heat in the material completes the process of calcination, 
and the material is cooled, ready for the mills. The now calcined mate- 
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rial is mechanically discharged from the bins into elevator M, which 
carries it into the small bins situated over the mills 0. From the mills 
the conveyor R delivers the pulverized material into screen S, The 
finished material is sacked at T. The tailings from the screen are 
spouted into elevator M and returned to the mills. 

The calcining-bins noted above are an integral part of the Cummer 
process. These bins are built preferably of brick and are lined with 
paving* brick, so that they will not absorb the moisture given off from 
the gypsum rock during calcination. Three bins are required for each 
plant, and the capacity of each bin is equal to the daily output of the 
plant. By the use of three bins a continuous process is obtained. One 
bin is being discharged of its cooled calcined material while the process 
of calcination is being completed on the material in the second bin, 
and the third bin is being filled with material from the rotary calcincr. 



Fig. 17 — Cummer rotary plaster-calciner. 


These bins are so constructed that the material in process of calcination 
is thoroughly ventilated, which allows the heat carried by the material 
from the rotary calcincr to rapidly disseminate itself through the mass 
and complete the calcining process. While the resident heat in the 
material is acting upon it, practically no circulation of air through the 
material is allowed, but as soon as the process of calcining is completed, 
air at atmospheric temperatures is freely circulated through the mass 
and the calcined gypsum is rapidly cooled. Each bin is equipped with 
a simple device which mechanically discharges the material regularly 
and at any speed desired. 

A dust-chamber located above the rotary calcincr catches the most 
finely ground plaster, which is marketed for dental plaster and other 
special purposes. 

The Cummer rotary calciner is shown in section in Fig. 17. Its 
operation is as follows: 

The gypsum rock is fed through a hopper, F } into a cylinder set 
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on a slight incline rotating on trunnioned bearings within a brick cham- 
ber. The material passes slowly down the cylinder (owing to its inclina- 
tion and rotation), being thrown about by lifting-blades attached to the 
inside of the cylinder. It ih discharged at K, having been subjected 
during its passage to the heated fuel gases, whose admission and handling 
will next be described. 

The hot gases from the furnace are drawn by the fan G into the 
brick chamber surrounding the cylinder. Cold air is introduced through 
the registers E and 0 and mixed with the furnace gases in such propor- 
tions as to give the desired temperature. Those gases arc drawn into 
the cylinder through the hooded openings J and pass through it in a 
direction opposite to that taken by the wet material. Pyrometers for 
control of the temperature may be placed in the holes // in the masonry. 

Mannheim system . — A Gorman plast er-plant using a rotary calcining 
system has recently been described * in considerable detail, and seems 
worthy of attention as presenting certain interesting differences to the 
system discussed above. The mill in question is that of the Rhenish 
Gypsum Company, located at Mannheim, in Rhenish Prussia. 

The crude gypsum is passed through crushers and nippers, but is 
not finely powdered previous to calcining. “ When the material comes 
from the crushers and nippers it varies in size from the finest powder 
to fragments as large as an ordinary hickory-nut. Varying thus in 
size, the material goes directly to the calciner.” 

“ The calciner consists of a fire-box with an automatic stoker, which 
is placed in front of and connected with a chamber containing a rotating 
cylinder. Above this cylinder is a chamber called the ‘ forewarmcr/ 
through which a spiral conveyor passes from end to end. A pipe leads 
from the rotating cylinder to the forewarmcr and connects at the other 
end with the chimney. Connected with the fire-box is a fan by which 
a forced draft is secured. The fire-box is heated to a high temperature, 
and the fuel gases, forced by the fan, pass through the rotating cylinder 
and then through the forewarmer. The crude gypsum is carried by 
bucket elevators from the crushers to a bin above the calciner and 
thence it flows by gravity into the forewarmcr, through which it is 
carried by the spiral conveyor. It then falls directly into the rotating 
calciner below. Shelves or buckets on the inside of the cylinder pick 
up the material and elevate it as the cylinder rotates. When the material 
nears the top the slant of the shelves is so great that it falls again 
to the bottom. The strong draft of hot air passing through the cylinder 
from the fire-box strikes the gypsum as it falls and moves the fragments 
toward the rear with a velocity directly f proportional to their size. 

* Wilder, F. A. Vol. 12, Iowa Geological Survey, pp. 213-216. 

f Evident misprint for “ inversely.” 
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The coarser material moves much more deliberately and thus is exposed 
to the heat longer than the finer and more readily calcined particles. 
In this way, though the material entering the rotating cylinder varies 
greatly in fineness, the coarser material is sufficiently calcined and 
the finer is not overburned. Ail of the heat has not been exhausted 
in gassing through the rotary cylinder and tins is for the most part 
saved by forcing the air, after it leaves the cylinder, through the fore- 
warmer. In this process the heat is so completely utilized that the 
air and furnace gases pass to the chimney with a temperature of only 
80° C. Between the forewarmer and the chimney the dust-chamber is 
located. Here all of the finer particles are allowed to settle and the 
air passes on to the chimney practically free from dust. To calcine 
one ton of gypsum by this method experience has demonstrated that, 
on the average only 100 lbs. of rather inferior bituminous coal are 
required. An automatic recorder indicates constantly the heat of the 
rotary cylinder, and this, with the mechanical stoker, insures an even 
temperature during the entire process of calcining. From the rotary cyl- 
inder the gypsum is again elevated to the floor above and passes through 
a spiral conveyor which is surrounded by a water-jacket. Here the plas- 
ter is cooled and passes on to the sieves. That portion of the plaster 
which does not need further grinding is separated by the sieves and the 
rest goes to the vertical mills.” 

The process shows economy in fuel, labor, and power over the older 
methods. On the other hand, “ a limited amount of soot settles in the 
plaster, and it is slightly coated with calcium sulphide, due to the reac- 
tion on the gypsum of the sulphur present in the coal. For ordinary 
building purposes, however, (hese do not injure the plaster.” 

Addition of retarders and accelerators. — It, is now the common prac- 
tice for plaster manufacturers to add retarders to their product, in order 
to prevent its setting too rapidly for the convenience of the workman. 
The general discussion of the character and effects of retarders and 
accelerators can best be taken up in the following chapter. At present 
it is only necessary to state that the retarder is best added after the 
plaster is entirely cool, as otherwise most retarders will melt and form 
lumps in the plaster. From 2 to 15 lbs. of retarder arc usually added 
to the ton of plaster, and the mixing is generally accomplished in a 
Broughton mixer or some similar device. 

The following data relative to the Broughton mixer, which is shown 
in Fig. 18, are taken from the catalogue of the Des Moines Manufactur- 
ing and Supply Company, and will serve to give some idea of the 
capacity, cost, etc., of the machine. 

Wall-plaster. — An ordinary wall-plaster contains, in addition to 
whatever retarder may be necessary, a certain percentage of finely picked 
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Table 8. 

Sizes, Capacity, etc., of Broughton Mixers. 


Style ... 

A-l 

A 

B-l 

B-2 

B-3 

Capacity of hopper, lbs 

Bag-holders, number 

1800-2000 

f> 

1000-1400 

5 

600 I 

500 

250 

Product per day, 10 hours, tons. 

00-90 

35-50 

35 

15 

n 

Size of pulleys, inches 

30X12 

24X8 

24X8 

20X6 

16X4 

Revolutions per minute. . . 

150 

150 

175 

160 

160 

Horse-power required. 

18-22 

8-12 

8-12 

5-7 

3-4 

Shipping weight, lbs. . 

7300 

4750 

3800 

2300 




Fig. 18.— Broughton mixer. Fig. 19. — Hair-picker. 

(Des Moines Mfg. Co.) 


hair or other fiber. In order to insure thorough mixing with the plaster 
the hair is first picked to pieces in a hair-picker, which is usually a device 
of the toothed-drum type revolving at high speed. The hair is then 
added to the plaster in the proportions of 1^ to 3 lbs. hair per ton of 
plaster and the materials are fed to the mixer. 

The hair-picker shown in Fig. 19 is run at a speed of 600 revolutions 
per minute and will disintegrate 5 to 6 bales of hair per hour. 
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Wood fiber is often used as a substitute for hair, cottonwood 
giving a particularly serviceable fiber for this use. The log is barked 
by hand or machine and cut into sections 20 inches or so in length. 
These are then placed in a fiber machine, which will usually take pieces 
6 to 15 inches in diameter. The fiber is torn off by revolving toothed 
cylinders between which the log is pressed. One machine will cut enough 
fiber in nine or ten hours to make 50 to 40 tons of plaster. The usual 
mix consists of 75 to 150 lbs. wood fiber to one ton of calcined plaster. 

Plaster are usually packed in jute sacks containing 100 lbs. or in 
paper bags containing SO lbs. An extra charge of 10 cents is com- 
monly made for each jute sack, rebated on the return of the sack. As 
the sacks may cost the mill 4 to 6 cents each, any sacks not returned 
furnish a fair profit. A charge of 50 cents per ton of plaster is usually 
made for packing in paper bags, which are not returnable. 

Costs of plaster-manufacture. — An estimate of the cost of plaster- 
manufacture at Kansas mills, made in 1807 by (1. P. (Irimsley,* follows: 


Cost of Plasteh-manufactuke per Ton. 


Mining costs 

. $0 

80 

Fuel at mill 

0 

30 

Labor at mill ... . . 

. . 0 

50 

Office force and sales agents 

1 

25 

Total cost of plaster per ton . . 

. $2 

85 


Setting aside the question of cost of “ office force and sales agents,” 
which varies greatly in different mills, the estimate given above appears 
to the writer to be very high for mining costs, rather below the average 
for fuel costs, and about the maximum for labor. The following esti- 
mates of cost of manufacture by the kettle process have, therefore, 
been prepared as giving, in the writer’s opinion, fairly close limiting 
values on unit values as during the 1900-1910 decade. 



Mi 

IX 

Min 

Average 

Mining or quarrying 2400 lbs. gypsum. 

. SO 

72 

SO 12 

$0 

30 

Power fuel at mill, 75 to 125 lbs coal. . 

0 

19 

0 05 

0 

10 

Kiln fuel at mill, 225 to 325 lbs. coal 

0 

49 

0 15 

0 

30 

Labor at mill. . . 

0 

50 

0 30 

0 

40 

Total cost per ton plaster at mill . 

. si 

90 

$0.62 

$1 

10 


The rotary process of plaster calcination has not been used at enough 
plants to give accurate limiting figures of costs, but the following esti- 
mates are believed to be fairly close: 


Mining or quarrying 2400 lbs. gypsum. . 

Max 
$0 72 

Min 

SO 12 

Power fuel at mill, 50 to 80 lbs. coal . 

0 12 

0 04 

Kiln fuel at mill, 150 to 200 lbs. coal 

0 31 

0 10 

Labor at mill ... 

0 30 

0 18 

Total. . . . 

SI 45 

$0 44 

* Mineral Industry, vol. 7, 

p. 392. 
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Analyses of gypsum used in actual practice. — The following analyses 
of both rock gypsum and gypsite (gypsum earth), taken from various 
sources, will be fairly representative of the materials used for plaster at 
different, plants. For comparison it is well to recollect that a theoret- 
ically pure gypsum would consist of lime sulphate 79.10 per cent, water 
20.90 per cent, and would contain no silica, alumina, iron oxide, lime 
carbonate, or magnesium carbonate. 

Tables 9 and 10 following gives analyses of gypsums from localities 
(with few exceptions) solely in the United States. Tables 25 and 28 
on later pages gives analyses of French and Canadian gypsums. 


Table 9. 

Analyses of Rock Gypsum Used for Plaster. 


+ 

Sili ea 
(S 1 O 2 ). 

Alumina 
( \l 2 < >a) and 
Iron O\ido 

(l'VA)j) 

Lime 

Cai bonnte 
(( ’a('Oj) . 

Magnesium 

Carbonate 

GMgC() 3 ). 

Lime 

Sulphate 

(CaSCb). 

Water 

(UjO) 

1 

2 

0 35 

0 12 

0 10 

0 25 

7!) 40 

78 73 

20 30 

20 52 

3 

0 65 

0 17 

1 53 

0 39 

79 30 

18 84 

4 

0 40 

0 19 

0 25 

0 35 

78 10 

20 36 

5 

0 35 

0 12 

0 56 

0 57 

78 40 

19 96 

6 

1 18 

0 15 

0 36 

0 52 

78 04 

20 00 

7 

0 52 

0 26 

1 87 

2 06 

75 84 

19 47 

8 

0 34 

0 16 

l 68 

1 30 

76 98 

19 63 

9 

0 41 

0 29 

0 55 

0 61 

78 25 

19 70 

10 

0 55 

0 23 

0 86 

0 47 

78 11 

19 54 

11 

0 38 

0 16 


0 96 

77 81 

20 37 

12 

0 19 

0 10 

1 13 

0 34 

77 46 

20 46 

13 

0 05 

0 08 


0 11 

78 51 

20 96 

14 

u d. 

n. (1. 

n (1 

n d 

77 11 

19 00 

15 

tr. 

0 54 

n. d 

n d. 

76 26 

20 84 

10 

1 24 

0 50 

2 38 


77 19 

19 03 

17 

0 56 

tr. 

1 86 


77 77 

20 28 

18 

0 68 

0 16 

n. d. 

li. d 

78 08 

20 14 

19 

0 46 

0 29 

n. d. 

n. d 

78 96 

20 00 

20 

0 91 

0 60 

n. d. 

u. d. 

78.73 

19 70 

21 

0 10 

0 70 



79 26 

19 40 

22 

0 02 

0 55 



80 14 

19 07 

23 

0 49 

0 46 



77 94 

20 85 

24 

1 68 

1 95 



72 06 

21 30 

25 

0 10 

0 10 



78 55 

20 94 

26 

0 11 


1 07 


98 42 

20 43 


1. Gypsum Station, Calif 

2. Blue Rapids, Kansas ) used at Groat 

3. “ “ “ I Western Plas- 

4. “ “ “ J ter-mill 

5. Dillon, Kansas 

6 . 

7. Hope, Kansas 


13 Alabaster, Michigan, used at Western 

Plaster Works 

14 Grand Rapids, Mieh 
15. 

16 

17 Alabaster, Mich 

18 Near Sandusky, Ohio 

19 


10. Solomon, Kansas 

11 . 

12. Medicine Lodge, Kansas 


21-24 Saltville, Virginia 

25. Hdlsboro, New Brunswick 

26. Baddeek Bay, Nova Scotia. 
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1 

2 

3 

4 

5 

6 
7 

S 

9 

10 

11 

12 

13 

14 

15 
1G 

17 

18 

19 

20 
21 
22 

23 

24 

25 


Tablk 10. 

Analyses * of Gypsite (Gypsum Eabtii) used you IWren. 


Silica 

(Si0 2 ) 


10 G7 
2 17 

2 31 
4 51 

13 50 

7 G5 

3 G2 

15 08 

10 23 
34 35 

9 73 

3 0G 

4 25 
1 82 

15 7G 

8 78 
7 G8 

11 78 
G 33 

5 14 

12 13 
17 10 

3 18 
G 49 
17 95 


0 89 

1 87 
0 53 
0 G7 
0 99 

2 01 

0 95 

1 01 
1 43 


Alumina 
( AI2O3) and 
Iron Oxide 
( F P0O3) 

Lime 

Carbonate 

(CaCOjj 

Magnesium 

Carbonate 

(MgCOai 

Lime 

Sulphate 

(Catsup 

0 00 

0 24 

0 37 

0 54 

1 05 

0 52 

0 45 

10 21 

2 00 

11 71 

5 07 

7 50 

8 11 I 
1 09 | 

1 10 

0 95 

0 52 

0 59 

0 70 

0 03 

0 31 

59 40 
75 11 
07 91 

71 57 
00 27 
04 72 
71 91 

0 44 

1 12 

4 11 

0 78 

0 34 

0 53 

0 79 

11 77 7 

8 14 

4 32 

11 03 

3 50 

4 52 

02 

0 91 

10 52 
ti 

0 90 

0 21 

0 31 

00 51 

58 75 
31 38 
08 29 

07 32 
09 51 

08 11 

0 49 

1 (lU 

5 

1 1 

59 93 


i 25 
7 39 
7 37 
13 OH 
7 30 
3 57 
7 71 
0 18 
G 9G 
n (1 


1 12 

1 7G 
1 00 
0 88 
1 12 
0 88 
1 21 
0 33 
0 27 
n (1 


58 25 
03 37 

59 50 
55 71 
GO 04 
G4 03 
50 58 
09 70 
05 97 
01 00 


* The t 


Lii.il V 80 «J ill this (able are mostly by Hailey an. I his . 
5, Kansas Geol Survey 


Water 

(IhO) 


10 59 
19 40 
17 72 
17 82 

17 05 

18 39 

19 87 

17 40 
17 10 
8 50 
10 88 

17 21 

20 82 
20 41 

18 01 
20 00 

17 77 

18 25 
19 23 
19 95 
10 75 
15 10 
19 44 
18 50 
18 44 


avexiates and are .rioted from vol. 


Marlow, Oklahoma, used for “Royal” 
brand plaster 
Mulvane, Kansas 
Burns, Kansas 

Tinkler, Kansas, used at Gjpsurn City 
Gypsum City, Kansas, surface of bed, 
used for “A erne” brand plaster 
Gypsum City, Kansas, center of bed, 
used for “Acme” brand plaster 
Gypsum City, Kansas, average, used 
for “Acme” brand plaster 
Gypsum City, Kansas, quick-setting 
gypsite, used for “Acme” brand 
plaster 

Longford, Kansas, used by Salma 
Cement Plaster Co 
Salina, Kansas 

Rhoades, Kansas 

,1 feet from surface. 


14 Rhoades, Ivans 


s, 8 feet from surface. 

, bottom of bed 
,, • a\ erage of 1 acre 

Rhoades, Kansas, small deposit 

’ materia! very slow set- 

Rhoades, Kansas, average as used in 
plaster-plant 

G.llon Kamas, used by Salma Cement 
Piaster Co 

I> pia.ster K Co SaS ’ ^ by I),Ilon Cp,nent 

Dillon Kansas, used by Dillon Cement 
Plaster Co 

Dillon, Kansas, used for “Agatite” 
plaster K 

Okarehc, Oklahoma 


Inspection of the analyses quoted in Tables 9 and 10 will show that 
the rock gypsum used at plaster plants is usually very pure. Until 
very recently no attempt has been made to utilize the impure gypsum 
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Analyses of gypsum used in actual practice. — The following analyses 
of both rock gypsum and gypsite (gypsum earth), taken from various 
sources, will be fairly representative of the materials used for plaster at 
different, plants. For comparison it is well to recollect that a theoret- 
ically pure gypsum would consist of lime sulphate 79.10 per cent, water 
20.90 per cent, and would contain no silica, alumina, iron oxide, lime 
carbonate, or magnesium carbonate. 

Tables 9 and 10 following gives analyses of gypsums from localities 
(with few exceptions) solely in the United States. Tables 25 and 28 
on later pages gives analyses of French and Canadian gypsums. 


Table 9. 

Analyses of Rock Gypsum Used for Plaster. 


+ 

Sili ea 
(S 1 O 2 ). 

Alumina 
( \l 2 < >a) and 
Iron O\ido 

(l'VA)j) 

Lime 

Cai bonnte 
(( ’a('Oj) . 

Magnesium 

Carbonate 

GMgC() 3 ). 

Lime 

Sulphate 

(CaSCb). 

Water 

(UjO) 

1 

2 

0 35 

0 12 

0 10 

0 25 

7!) 40 

78 73 

20 30 

20 52 

3 

0 65 

0 17 

1 53 

0 39 

79 30 

18 84 

4 

0 40 

0 19 

0 25 

0 35 

78 10 

20 36 

5 

0 35 

0 12 

0 56 

0 57 

78 40 

19 96 

6 

1 18 

0 15 

0 36 

0 52 

78 04 

20 00 

7 

0 52 

0 26 

1 87 

2 06 

75 84 

19 47 

8 

0 34 

0 16 

l 68 

1 30 

76 98 

19 63 

9 

0 41 

0 29 

0 55 

0 61 

78 25 

19 70 

10 

0 55 

0 23 

0 86 

0 47 

78 11 

19 54 

11 

0 38 

0 16 


0 96 

77 81 

20 37 

12 

0 19 

0 10 

1 13 

0 34 

77 46 

20 46 

13 

0 05 

0 08 


0 11 

78 51 

20 96 

14 

u d. 

n. (1. 

n (1 

n d 

77 11 

19 00 

15 

tr. 

0 54 

n. d 

n d. 

76 26 

20 84 

10 

1 24 

0 50 

2 38 


77 19 

19 03 

17 

0 56 

tr. 

1 86 


77 77 

20 28 

18 

0 68 

0 16 

n. d. 

li. d 

78 08 

20 14 

19 

0 46 

0 29 

n. d. 

n. d 

78 96 

20 00 

20 

0 91 

0 60 

n. d. 

u. d. 

78.73 

19 70 

21 

0 10 

0 70 



79 26 

19 40 

22 

0 02 

0 55 



80 14 

19 07 

23 

0 49 

0 46 



77 94 

20 85 

24 

1 68 

1 95 



72 06 

21 30 

25 

0 10 

0 10 



78 55 

20 94 

26 

0 11 


1 07 


98 42 

20 43 


1. Gypsum Station, Calif 

2. Blue Rapids, Kansas ) used at Groat 

3. “ “ “ I Western Plas- 

4. “ “ “ J ter-mill 

5. Dillon, Kansas 

6 . 

7. Hope, Kansas 


13 Alabaster, Michigan, used at Western 

Plaster Works 

14 Grand Rapids, Mieh 
15. 

16 

17 Alabaster, Mich 

18 Near Sandusky, Ohio 

19 


10. Solomon, Kansas 

11 . 

12. Medicine Lodge, Kansas 


21-24 Saltville, Virginia 

25. Hdlsboro, New Brunswick 

26. Baddeek Bay, Nova Scotia. 



CHAPTER III. 

COMPOSITION, PROPERTIES, AND TESTS OF PLASTERS. 

In the present chapter the chemical composition and physical prop- 
erties of plaster of Paris and cement plasters will be taken up in the 
order named. 


Chemical Composition. 

Theoretical composition. — A theoretically pure plaster of Paris, 
being a definite chemical compound (( -aSOrf ^ ILjO), would have the 
composition: lime sulphate, 93. S per cent; water, 0.2 per cent. This 
composition is approached quite closely in plasters made from a pure 
rock gypsum. 

Cement plasters, as has been described on earlier pages, can be made 
in twv > different ways, which give two different products so far as com- 
position is concerned. (1) Cement plasters may be made by adding 
retarders to a pure plaster of Paris. As the retarder is organic matter 
and rarely amounts to over 1 per cent of the total mass the resulting 
product will on analysis differ very little from the plaster of Paris of 
which it was made. (2) Cement plaster may also be made by burning 
an impure gypsum, with or without the addition of retarder. In this 
case analysis would show the presence of a large percentage of clayey 
matter, etc., and a cement plaster of this type will therefore have a 
composition very different from that of a pure plaster of Paris. Exam- 
ples of both these types will be found in Table 11, opposite. 

Actual composition of cement plasters. — As noted earlier, a cement 
plaster when ready for sale differs from the gypsum of which it was 
made only in the loss of water and the addition of a very small pro- 
portion (iV% to 1%) of retarder. The difference between the analy- 
ses of any two samples or brands of cement plaster will therefore depend 
on the difference in composition between the gypsums from which the 
two samples were made. 
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Table 11 

Analyses of Cement Plasters. 



Sill ra, 
(Si0 2 ) . 

Murmmi 
( \1 2 ( >,j) and 
Iron Oxide 

(I'V-O;.) 

Lime 

Carbonate 

(CaCOj) 

Magnesium 

Carbonate 

(MgC0 3 ). 

Lime 

Sulphate 

(CaS0 4 ) 

Water 

(H 2 0) 

l 

39 55 i 

0 01 

5 79 

0 54 

40 99 

0 42 

2 

1 00 

0 33 

1 50 

0 75 

88 50 

8 00 

3 

1 20 

0 20 

1 08 

1 18 

89 42 

0 80 

4 

4 27 

0 47 

3 07 

1 47 

83 55 

0 07 

5 

12 04 

1 50 

8 44 

2 24 

71 74 

4 80 

G 

0 97 

0 30 

0 01 

1 28 

89 98 

7 29 

7 

0 85 

0 10 

0 91 

1 28 

91 07 

0 33 

8 

11 97 

0 07 

8 11 

0 73 

71 43 

0 98 

9 

14 07 

1 05 

10 07 

0 95 

00 91 

0 41 

10 

5 52 

0 40 

12 00 

1 74 

74 43 

0 99 

11 

9 73 

0 02 

11 30 

0 05 

72 42 

5 49 

12 

19 43 

0 53 

9 59 

01 42 

0 21 

13 

13 29 

0 71 

4 77 

1 91 

73 07 

5 78 

14 

23 38 

2 42 

n <1 

n d 

09 41 

5 00 

15 

7 43 

0 12 

5 07 

tr 

78 00 

8 49 


1, Florence, Colorado. 

2. Rhoades, Kansas. 

d. Blue Rapids, Kansas, “('r\stal Roek" 
bland, (Jreat Western Blaster Co 

4 Springdale, Kansas, “ Roman ” brand 

5 " “ “ Nemo” 

ti Blue Rapids, Kansas, “Sunshine’ 
finishing plaster, Croat Western 
Planter Co 


7 Blue Rapids, Kansas, “Ivory’’ finishing 
plaster, Blue Valley Plaster Co 
S 12 Blue Rapids, Kansas, “Acme” 
eement plasters 
Id Okarrhe, Oklahoma 
11 

15 Quanak, Texas 


Weight and Fineness of Plasters. 

Weight and specific gravity .i^Pure gypsum, before calcination, 
has a specific gravity of 2.30 to 2.33, corresponding to a weight, of about 
143§ lbs. per cubic foot, while the specific gravity of plaster of Paris is 
about 2.57. The apparent specific gravity of cement plaster in bulk is 
1.81.* This would correspond to a weight of about 113 lbs. per cubic foot 
if no allowance were made for air-spaces. According to the results f of 
Slosson and Moudy on Laramie plaster, a bushel weighed 64 lbs., and 
a block composed of 50 parts sand and 100 parts plaster, after being set 
and dried, gave a specific gravity of 1.5, corresponding to a weight of 
93j lbs. per cubic foot. 

Fineness of calcined plasters. — A number of cement plasters, wall- 
plasters, and allied products from Iowa, Kansas, Texas, and Oklahoma 

* Wilder, F A. Vol 12, Iowa Geological Survey, p 139. 
f Tenth Ann Rep Wyoming Agric and Mech College 
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were tested for fineness by Prof. Marston in 1900. The results * of these 
tests are given in the following table. The tests were made on material 
purchased in the open market. 


Table 12. 

Fineness of Calcined Plasters 
Per cent passing sieve 


Meshes per linear inch 

74 

100 

200 

Average diameter of largest particle passing 

00901" 

00452" 

00271" 

Gypsum, ready for burning, Stucco Mills, Ft Dodge, 
Iowa 

08 3 

60 0 

44 0 

Stucco, Ft Dodge Plaster Co , Ft Dodge, Iowa 

71 9 

66 2 

49 3 

Raker stucco, Kansas 

72 9 

58.3 

39 5 

Kallohte stucco, Cardiff Gypsum Plaster Co, Ft 
Dodge, Iowa 

69 1 

63 8 

50 2 

Baker plaster, Kansas 

08 2 

58 7 

28 2 

Mineral City wall-plaster, Ft Dodge, Iowa 

72 1 

65 4 

49 1 

Oklahoma Cement Plaster Co , Okarehe, Oklahoma 

77 8 | 

70 2 

51 3 

Flint wall-plaster, Iowa Plaster Association, Ft Dodge 
Iowa . . . 

72 4 1 

64 2 

48 1 

Acme wall-plaster, Acme, Texas 

74 6 

69 2 

56.6 

Kallolite wall-plaster, Cardiff Gypsum Plaster Co , Ft 
Dodge, Iowa . . 

70 8 

65 5 

53 5 

Htonewal 1-plaster, Ft Dodge Plaster Co , Ft Dodge, 
Iowa ... 

72 4 

66.1 

54.0 

Duncomb wall-plaster, Duncomb Stucco Co , Ft 
Dodge, Iowa 

63 8 

57 8 

43 6 


Tensile and Compressive Strength. 

Methods of testing plasters and similar products have never been 
standardized, and the result is that each investigator applies such 
tests as he may deem advisable. In general the practice has followed 
closely along the lines of cement-testing. 

Tensile strength of plasters. — In making the experiments discussed 
below, Professor Marston “ mixed the plaster or stucco thoroughly, 
by hand, with water. The mortar was then placed in standard (Am. 
Soc. C. E.) cement briquette molds and packed with the finger. The 
surface of the briquette was smoothed with a trowel. As soon as the 
briquettes were sufficiently set, which usually took about three hours, 
the molds were removed.” Some of the briquettes were kept in air 
and some in water for various lengths of time, and they were finally 
* Iowa Geological Survey, vol 12, p 162 
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broken in a Fairbanks cement-testing machine. Preliminary tests, 
using various percentages of water, showed that 30 to 35 per cent of 
water gave the maximum strength of briquettes. As 35 per cent gave 
a mixture that was more readily handled in the making of briquettes 
than the 30 per cent mixture, it was adopted for the final series of tests 
whose results follow. 

A series of 220-day tests were made, but the results are of little value, 
because the briquettes were allowed to stand in very moist air between 
the 28- and 220-day periods, and therefore all showed a marked falling 
off in strength. For this reason the results of the 220-day tests are 
omitted here. 


Table 13. 

Fineness ok Plasters Tested 


Crystal Rook plaster 

Flint plaster, fresh 
“ “ old 

German stucco. 


Per Cent Passing Sieve 

74-mesh 

100- mesh . 

200- mesh 

73 7 

12 3 

2 5 

74 3 

55 2 

4 3 

GO 4 

58 0 

55 7 

81 9 

08 7 

52 2 

90 5 

85 0 

| 19 8 


Table 14. 

Tests of Tensile Strength and Effect of Sand 



Neat. 

1 I’liistei 

r, 1 Sand 

i p 

laster, 2 Sand. 

1 Plaster, .‘I Sand. 




in 

£ 



« 

J3 



05 

-c 




J2 


* 


V 

C 


<L> 

c 

C 

>, 

0> 

O 

1 

>. 


"1 

c 


Q 

if 

if 

£ 

c 

if 

if 

<< 

Q 

if 

* 


C 

if 

if 

£ 


rH 


mi 

n 








CO 



-t 

CO 

Crystal Rock plas- 

















ter, unsuited 
Crystal Rock plas- 

228 

393 

445 

420 

87 

320 

308 

370 

55 

203 

212 

255 

35 

148 

145 

156 

ter, sifted. . 

Flint plaster, fresh, 








1 

57 

i 

231 

229 

229 





unsifted 

135 

310 

402 1 


104 

303 

302 

. i 

64 

206 

203 


39 

132 

139 


Flint plaster, fresh, 

sifted 

Flint plaster, old, 

: 








61 

233 

242 





: 

unsifted 

Flint plaster, old, 

155| 

353 

433 






26 

109 

123 






sifted .... 









49 

205 

256 






German stucco . 

300 

461 

461 






119 

336 

356 


75 

303 

252 
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The results of a later series of tests carried * out by Prof. Marston 
are given below. Most of the tests were made on fresh plaster as mar- 
keted. A few, however, noted in the table as “ sifted/’ were made on 
that portion of the plaster which passes through a 100-mcsh sieve. 
Plaster four years old was also tested, as noted in the table. All the 
figures given are the averages of from 3 to 15 separate tests. 



Fia 20 — Effect of sand on tensile si rongth of plasters (Marston.) 


These tests appear to show f that 

(a) Cement plasters and stuccos attain almost their full strength 
at the end of one week, showing little further gain at three months. 

(b) The portion of the plaster which passes a 100-mesh sieve is 
stronger than the coarser portions, and the higher strength of fine plaster 
is shown better in sand mixtures than when tested neat. 

(c) The value of fine grinding is further emphasized by the high 
results shown by the German stucco, which seems to have been the 
most finely ground of all, though the values of fineness given are not 
quite consistent. 

* Iowa Geol Survey, vol 12, pp 232-235 

f The conclusions here drawn from these tests are those of the writer: For 
Professor Marston’s conclusions, which do not entirely agree with mine, reference 
should be made to the original work. 
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Table 15. 


Results of Tensile Tests of Plasters. 


Material. ' 


Stucco, Fort Dodge, Iowa 


Kallolite plaster, Ft. Dodge, Iowa 


Duncomb plaster, Ft. Dodge, Iowa 


Mineral City plaster, Ft Dodge, Iowa 


Stone plaster, Ft. Dodge, Iowa . 


Flint plaster, Ft Dodge, Iowa 


Acme plaster, Acme, Texas. . 


Stucco, Baker Stucco Co , Kansas 


Plaster, Baker Stucco Co , Kansas 



Tensile Strength per Square Inch. 


Kept in 

1 Day. 

7 Days 

28 Days. 

( 

Air 

226 

204 

329 

I 

u 

219 

210 

438 

I 

Water 

195 

139 

187 

1 

<< 

208 

154 

200 

1 

Air 

291 

188 

379 

J 

U 

186 

230 

245 

1 

Water 

175 

185 

168 

( 

“ 

189 

170 

209 

I 

Air 

211 

184 

375 

j 

“ 

208 

220 

360 

1 

Water 

192 

172 

180 

1 

a 

202 

175 

186 

[ 

Air 


190 

237 


<< 


301 

437 

1 

Water 

2i,5 

203 

195 


u 

192 

196 

205 

( 


195 



f 

Air 

131 

170 

483 


<< 

144 

228 

470 


Water 

187 

163 

182 

l 


214 

193 

148 

I 

Air 

192 

224 

348 

J 


204 

217 

285 

1 

Water 

188 

207 

158 

[ 

11 

214 

205 

163 

[ 

Air 

107 

128 

333 

j 

“ 

131 

175 

303 

1 

Water 

82 

20 

151 


a 

111 

112 

154 

f 

Air 

227 

236 

468 



221 

208 

461 


Water 

216 

223 

154 

1 


226 

206 

181 

1 

Air 

181 

195 

465 

J 


134 

218 

286 

1 

Water 

183 

196 

195 

1 


185 

162 

215 


Compression tests and effects of sand. — A valuable series * of experi- 
ments were carried out during 1899-1900 by Profs. Slosson and Moudy 
on the compressive strength of plasters, both neat and mixed, with 
varying properties of sand. Most of the material used for these tests 
was a cement plaster manufactured at Laramie, Wyo., the tests being 
made before the addition of retarder to the plaster. 

The material was molded into 2-inch cubes and crushed in a Riehl6 
self-registering machine after the cubes had been exposed to the air 
* Tenth Ann. Rep. Wyoming Agric. and Mech. College, 1900. 
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for one week. “ The sand used was obtained from the Laramie River 
and was composed of sharp-angled granitic fragments. It was sifted 
through a millimeter sieve.” 



Fig. 21 — Effect of sand on compressive strength of plaster. 

Adhesive tests of plasters. — The adhesive tests in Table 17 were 
made by Prof. Marston “ by taking pieces of No. 2. paving-brick from 
Des Moines and grinding them on the emery-wheel so as to make 
approximately 1-inch cubes. Each cube had one face carefully 
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trued to give a cross-section exactly 1 inch square. These pieces 
of paving-brick were placed in the cement briquette molds with this 
true surface exactly at the middle of the mold. The plaster or stucco 
was placed to fill the other half of the mold, while the half in which 
the piece of brick was placed was filled with neat Portland-cement 
mortar.” 


Table 16. 


Effect of Sand on Compressive Strength of Plasters 


Kind of Plaster. 

Parts by Weight 

Number 

of 

Tests 

Strength, 

2-ineh 

Cube. 

Lbs 

per 

Sq In 

Plaster 

Sand 

Water. 

Laramie plaster, no retarder 

100 

0 

56 

4 

5435 

13582 

100 

12* 

56 

2 

5340 

1357$ 

'< a u a 

100 

2 5 

57 

10 

4575 

1143* 


100 

50 

58 f 7 0 

5 

4378 

1094$ 

a (( a a 

100 

75 

60 

7 

4317 

1079} 

n a a n 

100 

100 

61} 

6 

3755 

938* 

u a a u 

100 

125 

62$ 

7 

3505 

876} 


100 

150 

63 t 7 0 

8 

i 3341 

835} 

u a a u 

100 

175 

65 

6 

3523 

mi 

Red Buttes plaster, no retarder 

100 

0 

50 

? 

8945 

2236} 

a u u <• “ 

100 

100 

55 

? 

6622 

1655$ 

Agatitc plaster, market sample 

100 

0 

50 

? 

3550 

887$ 


100 

100 

55 

? 

2597 

649} 


Table 17. 

Adhesive Strength of Plasters 



| Adhesive Strength per Square 

Materia! 


Inch. 



Kept in | 

7 Da>s. 

28 Days 

Stucco, Ft. Dodge, Iowa 

Air 

87 

133 

“ “ “ “ 

Water 

87 

75 

Kallolitc stucco, Ft Dodge, Iowa 

Air 

45 

115 

“ “ “ “ 

Water 

31 


11 plaster, “ “ “ 

Air 

52 

102 

a (i u u u 

Water 

43 


Duneomb “ “ “ “ . . 

Air 

62 

81 

lt 11 “ “ “ 

Water 


84 

Mineral City plaster, Ft Dodge, Iowa 

Air 

72 

212 

Water 


84 

Stone plaster, Ft. Dodge, Iowa 

Air 

31 

80 

Flint “ “ “ “ 

“ 

64 

114 

“ {t u ti a 

Water 

26 { 


Acme plaster, Acme, Texas 

Air 

76 

103 

Baker stucco, Kansas 



117 

“ “ “ . 

Water 

98 

100 

“ plaster <( 

Air 

83 

105 

Water 

55 

95 

Plaster, Okarche, Oklahoma 

Air 

82 



Water 

63 

133 
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for one week. “ The sand used was obtained from the Laramie River 
and was composed of sharp-angled granitic fragments. It was sifted 
through a millimeter sieve.” 



Fig. 21 — Effect of sand on compressive strength of plaster. 

Adhesive tests of plasters. — The adhesive tests in Table 17 were 
made by Prof. Marston “ by taking pieces of No. 2. paving-brick from 
Des Moines and grinding them on the emery-wheel so as to make 
approximately 1-inch cubes. Each cube had one face carefully 
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trued to give a cross-section exactly 1 inch square. These pieces 
of paving-brick were placed in the cement briquette molds with this 
true surface exactly at the middle of the mold. The plaster or stucco 
was placed to fill the other half of the mold, while the half in which 
the piece of brick was placed was filled with neat Portland-cement 
mortar.” 


Table 16. 


Effect of Sand on Compressive Strength of Plasters 


Kind of Plaster. 

Parts by Weight 

Number 

of 

Tests 

Strength, 

2-ineh 

Cube. 

Lbs 

per 

Sq In 

Plaster 

Sand 

Water. 

Laramie plaster, no retarder 

100 

0 

56 

4 

5435 

13582 

100 

12* 

56 

2 

5340 

1357$ 

'< a u a 

100 

2 5 

57 

10 

4575 

1143* 


100 

50 

58 f 7 0 

5 

4378 

1094$ 

a (( a a 

100 

75 

60 

7 

4317 

1079} 

n a a n 

100 

100 

61} 

6 

3755 

938* 

u a a u 

100 

125 

62$ 

7 

3505 

876} 


100 

150 

63 t 7 0 

8 

i 3341 

835} 

u a a u 

100 

175 

65 

6 

3523 

mi 

Red Buttes plaster, no retarder 

100 

0 

50 

? 

8945 

2236} 

a u u <• “ 

100 

100 

55 

? 

6622 

1655$ 

Agatitc plaster, market sample 

100 

0 

50 

? 

3550 

887$ 


100 

100 

55 

? 

2597 

649} 


Table 17. 

Adhesive Strength of Plasters 



| Adhesive Strength per Square 

Materia! 


Inch. 



Kept in | 

7 Da>s. 

28 Days 

Stucco, Ft. Dodge, Iowa 

Air 

87 

133 

“ “ “ “ 

Water 

87 

75 

Kallolitc stucco, Ft Dodge, Iowa 

Air 

45 

115 

“ “ “ “ 

Water 

31 


11 plaster, “ “ “ 

Air 

52 

102 

a (i u u u 

Water 

43 


Duneomb “ “ “ “ . . 

Air 

62 

81 

lt 11 “ “ “ 

Water 


84 

Mineral City plaster, Ft Dodge, Iowa 

Air 

72 

212 

Water 


84 

Stone plaster, Ft. Dodge, Iowa 

Air 

31 

80 

Flint “ “ “ “ 

“ 

64 

114 

“ {t u ti a 

Water 

26 { 


Acme plaster, Acme, Texas 

Air 

76 

103 

Baker stucco, Kansas 



117 

“ “ “ . 

Water 

98 

100 

“ plaster <( 

Air 

83 

105 

Water 

55 

95 

Plaster, Okarche, Oklahoma 

Air 

82 



Water 

63 

133 
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Table 19. 


Effect of Various Retarders on Rate of Set. 


Kind of Plaster 

Kind of Retarder 

Pounds 
Retard- 
er per 
Ton 

Initial 

Set, 

Minutes 

Final 

Set, 

Minutes 

Renmrks 

Laramio . 

None 

0 

145 

225 


“ 

Market sample 

? 

280 

335 



? 


720 


“ 

Wymore 

i 

320 

330 


“ 

2 

305 

430 



“ 

4 

520 

055 



“ 

6 

590 

090 

Cracked a little 


“ 

8 

785 


Never hardened. 


Webster City 

2 

350 

390 


“ 


4 

535 

645 

(’racked somewhat 

“ 

“ “ 

6 

735 


('racked badly. 

“ 

“ “ 

8 

755 


Did not set 


Swift’s, Chicago 

1 

200 

310 



“ “ 

2 

205 

310 




4 

280 

315 


“ 

“ “ 

6 

290 

320 



Swift’s, Kansas City 

1 


310 



“ u 

2 

215 

250 



a ti u 

2 

255 

315 


“ 

“ “ “ 

4 

250 

315 




4 

255 

310 


“ 


0 

250 

300 



u a a 

G 

215 

255 


“ 

Cactus 

2 

245 

285 




2 

275 

320 



“ 

4 

250 

310 




(i 

290 

340 



Malva 

2 

245 

295 


(< 


4 

280 

295 


u 


0 

275 

310 



Glucose 

0 

290 

375 


“ 

Clay bentonite 

6 

240 

320 


“ 

10 

200 

330 


Red Buttes stucco 

None 

0 

30 

50 


“ “ “ 


0 

24 

42 


<< u it 

11 

0 

20 

32 


n ti u 

Wymore 

2 

00 

105 


<( U tt 


8 

270 


Did not set. 

Red Buttes plaster. 

None 

0 

50 

80 


(( U li 

Wymore 

2 

285 

345 


“ “ “ 

a 

8 

505 


Soft-cracked. 

“ “ “ 

Market sample 

? 

310 

375 


Agatite plaster 


? 

240 

305 



Use of accelerators. — In making dental plaster and plaster for 
certain other purposes an extremely rapid set is desirable. For this 
purpose many crystalline salts are available, common salt being one of 
the best accelerators known. 
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Table 20. 

Effect of Accelerators on Rate of Set. 


Kind of Planter 

Kind of Accelerator 

Pounds 
Accelerator 
per Ton. 

Tunc of Set, 

in Minutes 

Initial Set 

Final Set 

Laramie 

None 

0 

145 i 

225 


Common salt 

6 

55 i 

150 

ii 

Sodium sulphate 

6 

150 i 

170 


Sodium carbonate 

6 

145 

170 


References on properties and tests of plasters. — The following brief 
list covers the principal papers on this subject. (See also p. 02.) 


Bailey, E. H. S. On the chemistry of gypsum, plaster of Paris, and cement 
plaster. Vol. 5, Reports Kansas Geological Survey, pp. 134-170. 
Marston, A. Preliminary tests of stucco and plaster made by the Civil Engi- 
neering Department of Iowa State College. Vol. 12, Reports Iowa 
Geological Survey, pp. 224-235. 1902. 

Slosson, E. E., and Moudy, R. B. The Laramie cement plaster. 10th Ann. 

Rep. Wyoming, College Agriculture and Mechanics. 1900. 

Anon. Tests for plaster of Paris. Stone, vol. 25, pp. 331-334. 1903. 

Hardening gypsum and plaster.— The following methods of harden- 
ing an ordinary plaster have been recently recommended:* 

(1) Two to 4 per cent of finely ground marshmallow-root are 
intimately mixed with powdered plaster and the mixture kneaded 
to a dough with 40 per cent of water. The resulting mass resembles 
a stiff clay, hardens in about an hour, and finally becomes hard enough 
to cut, file, or bore. A harder and tougher mass may be obtained by 
increasing the quantity of marshmallow-root to 8 per cent. Gum, 
dextrin, or glue may be substituted for the marshmallow-root if more 
convenient. If the objects are to be exposed to high temperatures 
shellac may be used. 

(2) Six parts of gypsum are mixed with one part of freshly slaked 
lime and the mixture is soaked with a concentrated solution of mag- 
nesium sulphate. In preparing this mixture, too much gypsum must 
not be poured into the water, and the mixture must be stirred quickly 
so that lumps do not form. The smaller the quantity of water used 
the thicker and firmer is the cement. The porosity caused by the 
gradual loss of water can be obviated by soaking the objects in a solu- 
tion of ozocerite or wax in oil of turpentine, varnish, or hot tar, or by 
coating them with shellac. 

* Joum Soc Chem Industry, vol. 21, p 347. 



CHAPTER IV. 


FLOORING-PLASTERS AND HARD-FINISH PLASTERS. 

The two groups of plasters to be considered in this chapter agree 
(1) in being prepared by burning gypsum at a higher temperature 
than is employed in the manufacture of plaster of Paris and “ cement ” 
plasters, and (2) in being products which, for plasters, set rather slowly 
but finally take on great hardness. Because of these last properties, 
the flooring-plasters and hard-finish plasters are available for certain 
uses to which ordinary plasters are ill adapted. So much for the resem- 
blances between the two groups. Their points of difference are, that 
the flooring-plasters are prepared by simple burning at high tempera- 
tures, while the hard-finish plasters are produced by a double burning, 
with the additional use of chemicals. 

Neither product is made to any extent in the United States, though 
a considerable quantity of hard-finish plasters are imported every year. 
The data obtainable as to processes of manufacture are scanty, and 
the descriptions published are often contradictory, so that it has been 
difficult to prepare a satisfactory account of these products. It is 
believed, however, that the descriptions given below contain no errors 
of importance. 

Flooring-plasters. 

The flooring-plasters (“ Estrichgips ” of German reports) include 
those plasters made by calcination of a relatively pure gypsum at tem- 
peratures of 400° F. or higher. 

In the literature of gypsum and plaster it is often stated that gypsum, 
burned at temperatures exceeding 400° F., yields a completely dehy- 
drated product — an artificial anhydrite — which is entirely valueless as 
a structural material, because it has completely lost its property of 
recombining with water. This statement is, however, erroneous, for plas- 
ters burned at such temperatures are regularly made and used. They 
set with extreme slowness, however, and require very fine grinding. 

Composition of flooring-gypsum. — Until very recently no satisfac- 
tory discussion of this phenomenon had been attempted, and the few 
published accounts of this manufacturing processes employed were con- 
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tradictory as to temperatures reached and results attained. A paper 
published in 1903 by Van’t Hoff gives the results of a very detailed 
series of experiments, which its author summarizes as follows: 

“ The essential result of the investigation, therefore, is that in the 
heating of gypsum after total dehydration, which occurs at about 190°, 
the capacity to bind water is at first retained, and is only gradually 
lost, either by more intense or by longer heating. The retention of 
the crystalline form, which is probably due to burning without previous 
division into small bits, checks this so-called dead-burning, and is there- 
fore of technical importance. We found no evidence to support the 
statement that, after dead-burning, a new binding capacity appears 
at a high temperature, in which case even the natural anhydrite would 
be suitable for burning floor-gypsum.” 

Effects of high temperatures on resulting plasters— In spite of the 
concluding observation in the last paragraph, there are definite proofs 
that such reappearance of setting properties does occur. 

An actual series of experimental tests of the effects of temperature 
on the properties of the resulting plaster was carried out, as has earlier 
been noted, by MM. Ledue and Chenu. Some of these results have 
been presented on p. 39; those which give comparisons for the higher 
temperatures are now presented in the following table. All the sam- 
ples were burned for a period of thirty minutes. 


Results of Gypsum Burning at High Temperatures. 


Temperature of 
Burning, 
Centigrade. 

Initial Set 

Final Set 

Compressive Strength, 
Kilograms per Square 
Centimeter. 

24 Hours 

1 Week 

150 degrees C 

40 minutes 

95 minutes 

18.2 

18 0 

200 

20 

60 

59 

54 

250 “ 

10 

26 “ 

92 

90 

300 “ 

4 

12 “ 

72 

110 

350 “ 

2 

11 “ 

47 

96 

400 “ 

2 

65 “ 

25 

84 

450 “ 

1 minute 

3 hrs , 51 min 

17 

64 




4 Days. 

1 Week 

500 degrees C . . . . 

4J minutes 

4 days 

10 

28 

550 “ 

4 hours 

4 “ 

6 

18 

600 “ 

3 days 

20 “ 



900 “ 

9 “ 

Over 20 days 






1 Week 

4 Weeks. 

1100 degrees C . . . 

30 hours 


13 

80 

1200 “ 

20 “ 


30 

41 

1300 “ 

36 “ 


12 

71 
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It will be seen that the setting and other properties, which decrease 
steadily after 250 to 400° are reached, seem to reappear at very high 
temperatures, from 1000° upward. But as yet no industrial use is 
made of this fact, for the German flooring-plasters seem to be burned 
at far lower temperatures, and to depend for their properties partly on 
the fact that the gypsum is not ground before burning. 

Methods of manufacture. — Flooring-gypsum is, in any case, a pure 
plaster, entirely free from water. It is manufactured by burning pure 
gypsum, broken into lumps but not finely crushed, in a vertical kiln. 
The fuel, usually coal, is burned on a grate set at one side of the kiln, 
and the hot gases pass directly through the mass of gypsum, though 
neither fuel nor ashes come into direct contact with it. The tempera- 
ture reached is, according to Wilder, about 500° C. The gypsum must 
not be exposed to tills temperature for more than four hours, for a 
longer heating would deprive it entirely of its setting properties, as 
noted by Van’t Hoff in the paper presented above. 

Uses of flooring-gypsum.* — As its name denotes, flooring-gypsum 
(Estrichgips) is extensively used in Germany for floors, giving a very 
hard and durable surface. As the material attains this hardness only 
when it is protected from moisture during setting, care must be taken 
to give it a suitable foundation. If the material dries unevenly or 
very rapidly cracks will appear on its surface. In this case the floor 
should be covered with water until the surface is soft and the cracks 
closed, after which it is allowed to dry again. After standing about 
twelve hours and becoming fairly hard the floor is pounded with 
wooden mallets and smoothed with trowels. 

Pure flooring-plaster gives the best results for hardness, but for 
economy it may be used in a mixture of two parts plaster to one part 
sand, ashes, etc. A cubic meter of hardened flooring-gypsum weighs 
about 2000 kg., equivalent to a weight of about 120 lbs. per cubic foot. 

Flooring-plasters are manufactured on a fairly large scale in Ger- 
many, but have not been made or utilized in England or the United 
States. Under the next group (Hard-finishing Cements), however, will 
be found descriptions of a number of products which have been manu- 
factured in these latter countries and which are very closely related to 
the dead-burned plasters. The only difference in technology between 
the two groups is that while the flooring-plasters are prepared from pure 
gypsum the hard-finishing cements are prepared from gypsum to which 
alum or some similar material has been added. 

* The data on the uses of flooring-gypsum are largely taken from Wilder’s paper, 
cited previously. 
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Hard-finish Plasters. 

Tho materials grouped under this name include those plasters which 
owe their hardness and slow set not only to being burned at high tem- 
peratures, but to the fact that they have been treated with alum or 
other chemicals during manufacture. As thus defined, the hard-finish 
plasters include the various materials known commercially as “ Keene’s 
cement/’ “ Parian cement,” “ Mack’s cement,” etc. 

Keene’s cement. — The most prominent representative of the group 
of hard-finishing cements is that known to the trade as Keene’s cement. 
Originally manufactured under English patents which have now expired, 
the term “ Keene’s ” is applied by various manufacturers to their 
product, in the same manner as the term “ Portland ” has become gener- 
alized. Large quantities of Keene’s cement are annually imported, 
while its manufacture in the United States has been of late years suc- 
cessfully begun. 

Keene’s cement is sharply distinguished from the other members 
of the group of hydrate cements or “ plasters,” not only by the proper- 
ties of the product, but by its method of manufacture. In its prepara- 
tion a very pure gypsum is calcined at a red heat, the resulting dehy- 
drated lime sulphate is immersed in a bath of alum solution and, after 
drying, is again burned at a high temperature. After this second burn- 
ing the product is finely ground and is then ready for the market. This 
sketch of the process is a general outline of the methods used, and 
in the essentials is followed in all plants, though slightly modified at 
different plants according to the experience gained by each manufac- 
turer. 

The gypsum used should be as pure as possible, and especially it 
should be free from such impurities as might tend to discolor the product, 
which should be a pure white. Even the Virginia gypsum, which on 
analysis shows but a trace of iron oxide, is not entirely satisfactory; 
for on heating to the temperature necessary for the manufacture of 
Keene’s cement, minute red streaks appear in the lumps of gypsum. 
The following analyses show the composition of gypsum from Vir- 
ginia and Kansas, both of which have been used in the preparation 


of a domestic Keene’s cement: 

Kansas 

Virginia. 

Lime sulphate 

77 461 

99 58 

Water. 

20 46 J 

Iron and aluminum oxides 

0 10 

0 036 

Silica and insoluble 

0 19 

0 116 

Magnesium carbonate. . 

0 34 

0 221 

Lime carbonate 

1 43 
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It will be seen that both materials are very pure gypsums, and that 
there is no apparent reason why the Virginia material should not be 
as satisfactory as that from Kansas. 

The calcination of the product is usually carried on in small ver- 
tical kilns closely resembling those which are in common use for lime- 
burning. These kilns are charged with alternating layers of fuel (usu- 
ally coal) and lump gypsum. Small rotary kilns have been used experi- 
mentally, but have not proven successful, as the calcined product from 
a rotary kiln is discharged in small fragments which cannot be treated 
satisfactorily in the alum-bath. After burning to a red heat the gyp- 
sum is submitted to the action of a 10 per cent alum solution. It is 
then recalcined and finely ground in emery-mills. 

The product is a very fine grained white powder. On the addi- 
tion of water this cement hardens, but the hardening is slow relative 
to that of other plasters. Another peculiarity of the material is that 
even after the hardening has commenced, the partly set cement may 
be reworked with water and will take its set just as satisfactorily as 
if the process of hardening had not been interrupted. 

An analysis of a Keene’s cement manufactured in Kansas is given 
in “ Tests of Metals, etc., at Watertown Arsenal, 1897,” p. 403: 


Silica (Si0 2 ) 

tr. 


Alumina (A1 2 0 3 ) 

tr 


Iron oxide (Fe 2 Oj) 



Lime (CaO) . 

42 

04 

Magnesia (MgO) 

tr 


Sulphur trioxide (S0 3 ) 

56 

54 

Carbon dioxide (C0 2 ) .... 

1 

37 


According to a circular issued by the sales-agent for one brand the 
following tests of two brands of Keene’s cement were made by Lath- 
bury and Spackman. The table below shows the tensile strength 
obtained, in pounds per square inch, at the end of seven days. 


Table 21. 

Tensile Strength of Keene’s Cement, 


Maker 

Grade. | 

No 1 

No. 2. 


Superfine 

Coarse 

Improved Keene Cement Co , Long 
Island City, N Y 

J. B White & Bro , London, England 

548 lbs. 
405 “ 

606 lbs 
511 “ ! 

680 lbs. 

693 lbs. 
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An American Keene’s cement made in Kansas was tested in 1892 by 
0. S. Carll for tensile strength with the following results. The cement 
was mixed neat, with enough water to make a stiff plaster. 


Table 22. 

Tensile Strength of Keene’s Cement. 



21 Hours 

7 Days. 

Specimen No 1 

374 lbs 

630 lbs. 

" “2 

325 “ 

698 “ 

“ “ 3 

402 ‘ ‘ 

678 “ 

Average . 

307 lbs 

669 lbs 


Macias cement * consists of dehydrated gypsum (flooring-plaster) 
to which 0.4 per cent of calcined sodium sulphate (Na2S04, Glauber’s 
salts) or potassium sulphate (K 2 SO 4 ) has been added. “ This cement 
is unusually hard and durable, sets quickly and unites minutely with 
the material on which it is placed. It is used as a covering for wire 
mesh on walls and ceilings, as well as for floors, and may be mixed with 
sand or ashes. Its surface is but slightly porous and for this reason 
absorbs but little oil when covered with paint.” 

References on dead-burned and hard-finish plasters. 

Eckel, E. C. Plasters and hard-finishing cements in the United States. 

Engineering News, vol. 49, pp. 107, 108. Jan. 20, 1903. 

Grimsley, G. P. (Ilard-finish plasters.) Vol. 5, Reports Kansas Geological 
Survey, pp. 11.5-118. 1899. 

Redgrave, G. R. Calcareous cements. London, 1895. Pp. 196-199. 

Itohland P. (Influence of catalyscrs on velocity of hydration of plasters, etc.) 
Zeitschrift anorganische Cliemie, vol. 31, pp. 437-444. Abstract in 
Journ. Soc. Chem. Industry, vol. 21, p. 1233. 1901. 

Van’t Hoff and Just, G. Dcr hydraulische oder sogenante Estrichgips, 
Sitzungsberichte der Kgl. Preuss. Akad. der Wissenschaften, 1903, 
vol. 1. pp. 249-258. 

Wilder, F. A. The gypsum industry of Germany. Vol. 12, Reports Iowa 
Geological Survey, pp. 192-223. 1902. 

* Wilder, F A Gypsum Industry of Germany, p. 208, vol. 12, Reports Iowa 
Geol Survey. 1902. 
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THE PRODUCTION AND UTILIZATION OF GYPSUM 


The world’s production of gypsum amounts at present to around 
five million tons a year, of which slightly over 40 per cent is produced 
in the United States and slightly under 40 per cent in France. Canada 
with 10 per cent of the total and Great Britain with 6 per cent represent 
the next two countries in rank. Tonnages of far less importance are 
contributed by a number of countries all over the world. 

In the present chapter an attempt will be made to utilize the avail- 
able statistics regarding the gypsum and plaster industries so as to 
clear up some of the present uncertainties regarding vital points in these 
industries. For this purpose the questions of world output, and of 
production in the leading countries, will first be stated. After that is 
done it will be possible to go further, and see how these outputs are 
utilized in various forms of gypsum products and in various industries. 

Total world’s output of gypsum. — The following table contains the 
data available concerning the world’s total output of gypsum during 
years just before the war. Though correct so far as the leading 
countries are concerned, there are undoubtedly many omissions of 
small producers; no reports being included from any of the Latin- 
American countries, for example; and the figures given for Germany 
seem to be very much too small. All are in short tons. 


Table 23. 

World’s Output of Gypsum, 1910-1912. 


Country 

1910 

1011 | 

1912 

United States 

2,379,057 

2,323,970 

2,500,757 

France .... 

1,700,901 

1,874,291 

1,979,595 

Canada 

525,240 

518,383 

578,458 

Great Britain 

280,226 

309,886 

319,526 

Germany 

59,902 

66,568 

62,957 

Algeria and Tunis 

55,751 

57,220 

59,965 

Australia 

19,092 

15,110 

1 15,767 

India _ 

7,362 

10,296 

23,557 

Cyprus ... 

7,276 

9,595 

5,571 

Greece . 

268 

1,392 

107 

Total reported, short tons 

5,101,141 

5,186,711 

5,546,260 
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From these data we may fairly assume that in a period of good 
business in the near future, the world output of gypsum is likely to run 
about six or seven million tons a year. With this in view, attention 
may be turned to the statistics relative to the three leading producers — 
United States, France, and Canada. 

Gypsum Production of the United States. 

The United States has been for many years past the largest gypsum 
producer in the world, a condition due not only to the advantages of 
an excellent market for gypsum products, but to the existence within 
its borders of very extensive gypsum deposits. 

Geologic distribution of gypsum deposits. — Gypsum deposits have 
been formed at many periods of the earth's history, for the chief factor 
requisite for their formation is the existence of arid climatic conditions, 
causing the evaporation of extensive bodies of water. Such climatic 
conditions have appeared at different, times in geologic history, and in 
each case we have as a result a series of gypsum deposits. 

The more important gypsum-producing periods are, however, few 
in number when any particular area is taken into consideration. 
Throughout the entire United States, for example, the bulk of the 
workable gypsum deposits were formed during four periods. 

(1) In the eastern United States a great period of salt and gypsum 
formation occurred in the Salina period of the Silurian. This gave 
rise to the gypsum deposits now worked in New York, Ohio and 
Ontario; as well as to some of those in Michigan, and to the deposits 
of the Winnipeg region of Manitoba. 

(2) The next period of dry climates appears to have been early in 
the Carboniferous; for in the lower Carboniferous we find gypsum 
deposits in such widely scattered areas as Newfoundland, Nova Scotia, 
New Brunswick, Michigan, Virginia and in some of the western states. 

(3) The third great gypsum period occurred during the Permian or 
Triassic deposition in the areas west of the Mississippi. In rocks of 
this age we find gypsum deposits in South Dakota, Iowa, Kansas, 
Oklahoma, Texas; as well as in some areas further west, and in 
Alaska. 

(4) Still later, in the Tertiary of the west, gypsum deposits were 
extensively formed in all of the states and provinces lying west of the 
Missouri and Winnipeg drainages. 

(5) Lastly, sporadic and local formations of gypsum materials have 
occurred in quite recent times, for the gypsum sands of new Mexico 
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and the gypsum earth deposits of Kansas are, in their present form, 
of very late origin. 

Geographic distribution. — In dealing with a raw material so widely 
distributed by nature, it is difficult to adequately summarize the 
facts concerning its geographic distribution in the United States. 
Such a summary, however, will be of value as throwing light on some 
features connected with the manner in which the manufacture of 
gypsum products has become localized. 

East of the Mississippi the United States has only three large and 
important areas containing gypsum deposits. Of these one is in 
central and western New York; the second in Michigan with a contin- 
uation in Ohio; and the third in southwestern Virginia. 

Between the Mississippi and the Rockies the main gypsum deposits 
are those of Permian or Triassic age, which afford isolated deposits in 
South Dakota and Iowa, and then a series of almost continuous deposits 
through Kansas, Oklahoma and Texas. So far as reserve tonnage is 
concerned, this group is probably the most important in the United 
States. 

West of the Rocky Mountains, the Tertiary basins carry important 
deposits of gypsum in widely scattered localities; and in the Pacific 
Coast states there are scattered deposits of different ages. 

Sources of output by states- -The total gypsum of the United 
States now amounts to well over two million tons a year. Its chief 
sources are indicated when we consider the output classified by states, 
as in the table following: 


Table 24. 

Gypsum Output iiy St\tes, 1918-1919, Short Tons 



1018 

Tons 

1910 

Tons 1 

New York 

531,088 

591,153 

Iowa . 

327,927 

421,279 

Michigan 

280,708 

339,125 

Ohio . . 

199,450 

251,259 

Texas 

157,388 

170,007 

Oklahoma 

120,208 

114,313 

Nevada 

* 

91,750 

Kansas . . 

54,958 

78,479 

Wyoming 

41,877 

51,079 

All others 

331,395 

305,113 

Total IT 8 

2,057,015 

2,420,163 


The total output came in each year from 57 companies, located 
in 19 states, which gives a fair idea of the dispersion of the industry, 
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and the extent of its possible sources of supply. Yet it will also be 
noted that, out of the 19 states which did mine gypsum only a few 
were of real importance in the industry. Two-thirds of the entire 
American output is produced by the four states of New York, Iowa, 
Michigan and Ohio. 

To this domestic supply the United States adds, chiefly by imports 
from Canada. This matter, and the ways in which both domestic and 
imported product are utilized, will be taken up later (page 87). Here 
we can turn to consideration of the French and Canadian gypsum 
deposits and output. 

Gypsum Deposits of France. 

As the gypsum deposits of France rank closely to those of the 
United States as producers, their competitive importance justifies a 
brief description. Two main areas supply the bulk of the French 
gypsum output. One of these, and by far the more important, lies 
in the Paris basin. The second in rank is in southeastern France. 

The gypsum-bearing series which furnishes by far the greater part 
of the French output falls in the Ludien stage of the Oligocene Tertiary. 
It is made up, in its typical areas, of a heavy series of alternating beds 
of gypsum and clays. Four gypsum beds or zones are traceable in 
the region of Paris, where the series is best developed; the lowermost 
gypsum bed is thin and irregular, but the total thickness of workable 
gypsum in the other three beds ranges from 30 to over 85 feet. Of 
these three beds the topmost is the thickest and in every way most 
important; it ranges in thickness, at various points in the Paris 
region, as follows: 


Montmartre . ... 

70 feet 

Argenteuil 

50 “ 

Villejuif 

13 “ 

Bagneux 

10 “ 


In 1902 the three departments of Seine, Seine-ct-Oise, and Seine-et- 
Marne produced over one million metric tons of gypsum from this 
series, and chiefly from the topmost bed just noted. It is developed 
in open cuts, by galleries following in from the outcrops, and by shafts 
— according to the location of the workings with respect to the adjoin- 
ing topography. 

A series of typical analyses of French gypsums, taken from the 
work of Leduc and Chenu (cited on page 62) is given here in Table 25. 
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Table 25. 

Analyses of French Gypsums. 



(1) 

(2) 

(3) 

(4) 

(5) 

Silica 

0 65 

0 85 

0 35 

0 40 

0 80 

Iron and alumina 

0 25 

0 65 

0 60 

0 60 

0 60 

Lime 

32 85 

32 20 

32 40 

32 80 

32 10 

Sulphur trioxide 

45 60 

45 30 

45 60 

45 50 

45* 40 

Water 

20 75 

20 35 

20 30 

20 60 

20 40 

Carbon dioxide 


0 30 

0 60 


0 20 

Loss, etc 


0 40 

0 15 

0 40 

0 50 



(6) 

(7) 

(S) 

(9) 

(10) 

Silica, iron and alumina 

0 05 

0 10 

0 22 

0 18 

0 57 

Lime 

32 61 

32 70 

32 88 

32 92 

32 80 

Sulphur trioxide 

46 38 

46 32 1 

45 97 

46 12 

45 66 

Water 

20 83 

20 86 

20 60 

20 72 

20 18 

Loss, etc 

0 13 

0 02 

0 28 

0 06 

0 18 


Analyses 1-5 from points in the Pans Basin, analyses G-10 from points in department of Alpea 
Mantimes, in southeastern Fiance 

1 Argonteuil 

2 Ga>*ny 0, 

3 Fontenay-s-Bois 

4 Cormeilles 10 


Villemornble 
, 7 Daluis 
Lantosquc 
La Clave 


Gypsum Production of Canada. 

We are especially interested, from a trade standpoint, in the gypsum 
output and utilization of the Dominion of Canada, for much of the 
output reaches our own plaster and cement industries. Data on 
Canadian output over a series of years are in the table following: 

Table 26. 


Canadian Sales of Gypsum and Gypsum Products, 1886-1913 


Calendar 

Year 

Tons 

Value 

Per 

Ton 

Calendar 

Year 

Tons 

Value 

Per 

Ton 



$ 

8 

cts 



$ 

8 

cts. 

1886 

162,000 

178,742 

1 

10 

1900 

252,101 

259,009 

1 

02 

1887 

154,008 

157,277 

1 

02 

1901 

293,799 

340,148 

1 

16 

1888 

175,887 

179,393 

1 

01 

1902 

333,599 

379,479 

1 

14 

1889 

213,273 

205,108 

0 

96 

1903 

314,489 

388,459 

1 

24 

1890 

226,509 

194,033 

0 

86 

1904 

345,961 

373,474 

1 

08 

1891 

203,605 

206,251 

1 

01 

1905 

442,158 

586,168 

1 

32 

1892 

241,048 

241,127 

1 

00 

1906 

469,022 

643,294 

1 

37 

1893 

192,568 

196,150 

1 

02 

1907 

485,921 

646,914 

1 

33 

1894 

223,631 

202,031 

0 

90 

1908 

340,964 

575,701 

1 

69 

1895 

226,178 

202,608 

0 

89 

1909 

473,129 

809,632 

1 

71 

1896 

207,032 

178,061 

0 

86 

1910 

525,246 

934,446 

1 

78 

1897 

239,691 

244,531 

1 

02 

1911 

518,383 

993,394 

1 

92 

1898 

219,256 

232,515 

1 

06 

1912 

578,458 

1,324,620 

2 

29 

1899 

244,566 

257,329 

1 

05 
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The marketed output of the different Canadian provinces, over a 
Beries of years, is given in Table 27 following. It will be noted that 
Nova Scotia has always ranked first by a large margin; and that 
New Brunswick has ranked second, though its position is now threatened 
by the recent rapid growth in the output of Ontario and Manitoba. 


Table 27. 


Production of Gypsum and Gypsum Products, by Provinces, 1887 - 1913 . 


Calen- 

dar 

Year. 

Nova Scotia 

New Brunswick 

Ontario 

Manitoba 

British 

Columbia. 

Tons 

Value 

Tons 

Value 

Tons 

Value 

Tons 

Value 

Tons 

Value 



$ 


$ 


s 


$ 


$ 

1887 

116,346 

116,346 

29,102 

29,216 

8,560 

11,715 





1888 

124,818 

120,429 

44,369 

48,764 

6,700 

10,200 





1889 

165,025 

142,850 

40,866 

49,130 

7,382 

13,128 





1890 

181,285 

154,972 

39,024 

30,986 

6,200 

8,075 





1891 

161,934 

153,955 

36,011 

33,996 

5,660 

18,300 





1892 

197,019 

170,021 

39,709 

65,707 

4,320 

5,399 





1893 

152,754 

144,111 

36,916 

41,846 

2,898 

10.193 





1894 

168,300 

147,644 

52,962 

48,200 

2,369 

6,187 





1895 

156,809 

133,929 

66,949 

63,839 

2,420 

4,840 





1896 

136,590 

111,251 

67,137 

59,024 

3,305 

7,786 





1897 

155,572 

121,754 

82,658 

118,116 

1,461 

4,661 





1898 

132,086 

106,610 

86,083 

121,704 

1,087 

4,201 





1899 

126,754 

102,055 

116,792 

151,296 

1,020 

3,978 





1900 

138,712 

108,828 

112,294 

145,850 

1,095 

4,331 





1901 

170,100 

136,947 

121,595 

189,709 

1,504 

5,692 

600 

7,800 



1902 

206,087 

181,425 

124,041 

170,153 

1,917 

7,699 

1,554 

20,202 



1903 

189,427 

173,881 

119,182 

172,080 

2,720 

21,988 

3,160 

20,510 



1904 

218,580 

153,600 

190,991 

187,524 

2,930 

18,350 

4,000 

14,000 



1905 

272,252 

298,248 

163,553 

232,586 

1,853 

23,834 

4,500 

31,500 



1906 

333,312 

345,414 

131,246 

250,960 

2,965 

24,420 

3,200 

22,500 



1907 

357,411 

380,859 

118,106 

213,638 

10,404 

52,417 





1908 

234,455 

230,433 

81,620 

191,312 

10,389 

42,456 

14,500 

111,500 



1909 

345,682 

364,379 

98,716 

226,975 

11,731 

48,278 

17,000 

170,000 



1910 

400,455 

458,638 

90,236 

213,579 

15,055 

67,229 

19,500 

195,000 



1911 

353,999 

406,457 

93,205 

115,044 

27,399 

98,018 

43,000 

372,000 

780 

1875 

1912 

376,082 

481,493 

82,757 

185,821 

53,119 

176,056 

66,500 

481,250 




Analyses of Canadian gypsums. — In view of the close trade relations 
between the two countries, the analyses of a large series of Canadian 
gypsums are presented in Table 28, following. These have been 
selected from a very large number given in the works of Cole and 
Jennison, previously cited. 
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Table 28. 

Analyses of Canadian Gypsums. 


No. 

Silica. 

Alumina and 
iron oxide 

Lime 

(CaO). 

Sulphur 

Trioxide 

Combined 

Water 

1 

0 40 

0 60 

32 92 

46 36 

19 55 

2 

0 80 

1 80 

32 72 

45 24 

20 17 

3 

0 06 

0 10 

32 40 

46 12 

20 40 

4 

0 46 

0 03 

32 16 

46 27 

20 75 

5 

1 18 

9 80 

28 95 

41 06 

18 45 

6 

8.86 

2 72 

27 92 

38 21 

17 80 

7 1 


0 58 

32 95 

44 03 

20 00 

8 


0 16 

32 23 

46 56 

20 80 

9 

6*12 

0 50 

32 86 

45 86 

20 47 

10 

1 72 

0 74 

33 25 

42 76 

19 30 

11 

0 32 

0 20 

32 42 

46 12 

20 60 

12 

0 14 

0 86 

32 62 

46 06 

20 30 

13 

2 32 

0 26 

31 41 

45 15 

20 20 

14 

0 07 


33 10 

45 95 

20 85 

15 

0 15 


32 97 

46 16 

21 00 

10 

0 90 

6 ‘20 

32 20 

46 00 

20 60 

17 ; 

0 50 


32 24 

46 08 

20 85 

18 



32 34 

47 36 

20 90 

19 

0 06 


32 70 

46 88 

20 66 

20 

0 20 


32 49 

47 24 

20 75 

21 

2 12 

0 20 

36 76 

36 11 

16 27 

22 

2 40 

0 30 

32 40 

39 31 

17 69 


], 2 Hillsborough, Albeit County, Now Brunswick 

3 Hammond Uiver, kinga County, N B 

4 Sussex Valley, Westmoreland County, N B 

5, 0 Plaster Rock, Victoria County, N B (used in Portland cement) 

7 Parrsboro, Cumberland County, Nova Scotia 

8 Nappun, Cumberland County, Nova Scotia 

9 Philip River, Cumberland County Nova Scotia. 

10 Pugwash, Cumberland County, Nova Scotia 

11 Wentworth, Hants County, Nova Scotia 

12 Ihroemile Plains, Hants County, Nova Scotia 

13 Windsor, Hants County, Nova Scotia 

14 East Bay, (’ape Breton County, Nova Scotia 
1.5 Aspy Bay, Victoria County, Nova Scotia 

10 Inverness, Inverness County, Nova Scotia 
17 Boulardcrie Island, Victoria County, Nova Scotia. 

18, 19, 20 Crown Gypsum Co , York, Ontario 

21, 22, Carson nunc, York, Ontario Shipped for use in Portland Cement. 


The Uses of Gypsum. 

Gypsum may be applied to a number of utilizations, dependent upon 
its physical and chemical properties. One series of uses arises from the 
facts that crude gypsum is a soft material, and the purer types are 
very white when ground. Another series is due to the chemical prop- 
erties of crude gypsum, making it of use as a fertilizer and in the Port- 
land cement industry. A third, and the most important group of uses 
is due to the fact that after calcining gypsum will set very hard on being 
mixed with water. Since all of these utilizations are of commercial 
importance, they may be separately discussed to advantage at the 
present stage of the study. 
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For the sake of clearness, the uses may be tabulated at the outset as 
follows: 

A. Uses for crude gypsum, in which the physical characteristics of 

gypsum are the chief factors. Pigment, filler and adulterant in various 
industries. 

B. Uses for crude gypsum in which the chemical characteristics of 

gypsum are the chief factors. Land fertilizer; retarder for Portland 
cement. 

C. Uses for calcined gypsum, in which the setting properties of the 
calcined product are the chief factors. Wall plasters, dental plasters, 
etc. 

The main uses of gypsum and its products will now be taken up 
separately, though attention will be directed principally toward the 
uses for crude gypsum, since the calcined products have received more 
detailed treatment in earlier chapters. 

Paint uses. — Finely ground unburned gypsum enters into the paint 
trade in several ways. It is a convenient white filler or adulterant, as 
the case may be, for the lighter colored pigments; and on the other 
hand it is the base used in the manufacture of the better grade of 
imported Venetian red pigments. For this last purpose gypsum is used 
in proportions as high as five parts gypsum to one part iron oxide. 

Fertilizer; land plaster. —From time immemorial crude gypsum 
has been used extensively as a fertilizer. In this use it appears to act 
much like ground limestone or lime. Since the introduction of high- 
grade potash salts from the German deposits the use of gypsum and lime 
has fallen off markedly; but in the past few years there has been a 
great renewal of interest in the subject of lime fertilizers, and it is pos- 
sible enough that land plaster (ground crude gypsum) will also return to 
favor. 

Retarder for Portland cement. — In later chapters of this volume 
(p. 474) this particular use of crude gypsum will be discussed in some 
detail, in connection with the manufacture of Portland cement. Here 
it is only necessary to say that a very large tonnage of gypsum is annu- 
ally used for this purpose. 

Calcined products. — The utilizations which have been noted all 
relate to the use of crude or unburned gypsum, though in almost every 
case a burned product could be used for the same purposes though at 
greater expense. But the main use of gypsum is in calcined or burned 
form. When so calcined, it is serviceable in the forms of plaster of 
Paris, wall plaster, etc., not only in structural work, but for a number of 
minor uses. Among these minor uses may be noted the bedding of 
plate glass for grinding, the making of pottery molds, dental plasters, 
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etc. It will not be necessary to discuss these products here, since several 
earlier chapters of this volume are devoted to consideration of their 
manufacture and properties. 

Statistics of Utilization. 

In a previous section of this chapter statistics were presented cover- 
ing the production of gypsum throughout the world, with special refer- 
ence to the output of the United States and Canada. Now, having 
seen to what general classes of utilization this total may be applied, it 
will be of interest to take up consideration of the statistics relative to 
the different uses to which the gypsum output of the United States is put. 

The structure of the industries. — Before presentation of the statistics 
relative to the American and Canadian gypsum and plaster industries, 
it will be well to briefly summarize the principal facts regarding the 
structure of those industries, for otherwise the statistics would simply 
involve the reader in hopeless confusion. 

The gypsum and plaster used in the United States arc, for the most 
part, produced from American gypsum deposits; but a notable portion 
of the total is imported. During 1913, for example, of the total con- 
sumption amounting to about three million tons, about 2000 thousand 
tons were from domestic sources, and somewhat over half a million tons 
from foreign deposits. 

The domestic gypsum supply is furnished by a large number of 
mines and quarries, scattered over many states. In 1913, for example, 
82 American mines and quarries furnished to total domestic supply; 
and these were located in 18 different states and in Alaska. 

Confining attention for the moment to the domestic supply, we can 
say that the gypsum mined may be sold in its crude form or it may be 
calcined before selling. If sold crude, it is almost invariably ground 
more or less finely; and the product is chiefly used either for fertilizer 
(“land plaster”) or in the Portland cement industry (see page 474). 
If calcined, it may either be prepared for final use at the original mill, 
or it may be shipped for some distance and receive its retarders, fiber, etc. 
at a “ mixing plant.” The American statistics presented in this chapter 
relate entirely to the gypsum and plaster at their first point of sale; 
and this fact must be borne in mind when these figures are considered. 

Turning now to the imported portion of the gypsum and plaster 
supply, we may note that, owing to tariff conditions, it is imported 
chiefly in the form of crude gypsum, though a small tonnage of high- 
grade plasters are annually brought in. The gypsum imported comes 
almost entirely from New Brunswick and Nova Scotia; and enters 
chiefly at north Atlantic ports. We have no figures available covering 
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the final use of this imported gypsum. As a matter of fact we do know 
that the bulk of it is burned into plaster, mostly at New York harbor 
points; while some of it is used at American Portland cement plants. 

Table 29. 


Consumption of Gypsum in the United States. 


Year 

Piodurcd m U S , 

Imported into U S 

Total Tonnage Used, 

Short Tons 

Short Tons 

Short Tons 

1900 

594,462 

212,990 

807,452 

1901 

633,791 

238,310 

872,101 

1902 

816,478 

309,014 

1,125,492 

1903 

1,041,704 

269,484 

1,311,188 

1904 

940,917 

297,516 

1,238,433 

1905 

1,043,202 

403,119 

1,446,321 

1906 

1,540,585 

440,586 

1,981,171 

1907 

1,751,748 

455,890 

2,207,638 

1908 

1,721,829 

302,047 

2,023,876 

1909 

2,252,785 

353,597 

2,606,382 

1910 

2,379,057 

417,735 

2,796,792 

1911 

2,323,970 

390,262 

2,714,232 

1912 

2,500,757 

416,399 

2,917,156 

1913 

2,599,508 

451,925 

3,051,433 

1914 




1915 





Canadian gypsum production. — Table 27 gives the total tonnage of 
crude gypsum mined in Canada during a series of recent years. 

Utilization of United States gypsum output. — The data contained in 
the annual volumes on Mineral Resources of the United States, pub- 
lished by the U. S. Geological Survey, are of service in arriving at con- 
clusions on this important point. Taking two typical recent years, 
and disregarding small quantities disposed of in undeterminable ways, 
the results are as follows: 


Table 30. 


Utilizations of United States Gypsum Output 



19 ir>. 

| 1919 


Short Tons 

\verage Price 

Short Tons. 

Average Price 

Crude; for Portland cement 

406,393 

$ 

1 30 

470,267 

$ 

2 83 

for land plaster . . 

69,256 ! 

1 77 

39,978 

4 64 

Calcined; wall plaster, etc 

1,520,308 

3 80 

1,393,141 

8 48 

glass factories. . 

11,861 

2 25 

14,677 

6 58 

plaster board, etc ... 

81,017 

1 73 

188,202 

12 24 


The fantastic effects of war on prices are of course visible in the last 
year of the table, but notwithstanding that the divisions made are of 
service. 
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CHAPTER VI. 

COMPOSITION, OHIOIN, AND ('.ENERAL CHARACTERS OF 
LIMESTONES 

Limestone is tho mw material on which is based the manufacture 
of lime, and it is also the most important ingredient, in one form or 
another, in a Portland-cement mixture. Further, impure limestones 
of certain types are employed in the manufacture of hydraulic limes 
and natural cements. It will thus he seen that limestone plays a very 
important part in the manufacture of nearly all the cementing materials 
discussed in this volume, only the plasters (Chapters I-V) being manu- 
factured without its use. 

For this reason it has seemed desirable to discuss in the present 
chapter the origin, composition, varieties, and chemical and physical 
characters of limestone in general. This has been done in considerable 
detail. The present chapter will therefore serve as an introduction 
not only to the limes but to the hydraulic limes and the natural and 
Portland cements. More detailed statements concerning the special 
kinds of limestone required in the different industries will be found in 
the sections on those industries, particularly in Chapters XXI-XXIII 
of the section on Portland cement. 

Origin of limestones.* — Limestones have been formed largely by 
the accumulation at the sea-bottom of the calcareous remains of such 
organisms as the foraminifera, corals, and mollusks. Many of the thick 
and extensive limestone deposits of the United States were probably 
deep-sea deposits formed in this way. Some of these limestones still 
show the fossils of which they were formed, but in others all trace of 
organic origin has been destroyed by the fine grinding to which the 

* For a more detailed discussion of this subject the reader will do well to consult 
Chapter VIII of Prof. J. F. Kemp’s “Handbook of Rocks.” 
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shells and corals were subjected before their deposition at the sea- 
bottom. It is probable also that part of the calcium carbonate of 
these limestones was a purely chemical deposit from solution, cementing 
the shell fragments together. 

A far less extensive class of limestones, though very important in 
the present connection, owe their origin to the indirect action of organ- 
isms. The “ marks,” so important to-day as Port land-cement mate- 
rials, fall in this class. As the class is of limited extent, however, 
its method of origin may be dismissed here, but will be described later in 
the chapter on marls, Chapter XXIII. 

Deposition from solution by purely chemical means has undoubtedly 
given rise to numerous important limestone deposits. When this depo- 
sition took place in caverns or in the open air it gave rise to onyx 
deposits and to the “ travertine marls ” of certain Ohio and other locali- 
ties; when it took place in isolated portions of the sea through the 
evaporation of the sea- water it gave rise to the limestone beds which 
so frequently accompany deposits of salt and gypsum. 

Varieties of limestone. — A number of terms are in general use for 
the different varieties of limestone, based upon differences of origin, 
texture, composition, etc. The more important of these terms will be 
briefly defined. 

The marbles arc limestones which, through the action of heat and 
pressure, have become more or less distinctly crystalline. The term 
marl as at present used in cement manufacture is applied to a loosely 
cemented mass of lime carbonate formed in lake basins as described in 
more detail in Chapter XXIII. Calcareous tufa travertine are more or 
less compact limestones deposited by spring or stream waters along 
their courses. Oolitic limestones, so called because of their resem- 
blance to a mass of fish-roe, are made up of small rounded grains of lime 
carbonate. Chalk is a fine-grained limestone composed of finely com- 
minuted shells, particularly those of the foraminifera. The presence 
of much silica gives rise to a siliceous or cherty limestone. If the silica 
present is in combination with alumina, the resulting limestone will be 
clayey or argillaceous. 

Chemical composition of limestone. — A theoretically pure limestone 
is merely a massive form of the mineral calcite. Such an ideal lime- 
stone would therefore consist entirely of calcium carbonate or carbonate 
of lime, with the formula CaC0 3 [Ca0-f-C0 2 ], corresponding to the com- 
position calcium oxide (CaO) 56 per cent, carbon dioxide or carbonic 
acid (C0 2 ) 44 per cent. 

As might be expected, the limestones we have to deal with in practice 
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depart more or less widely from this theoretical composition. These 
departures from ideal purity may take place along either of two lines: 

a. The presence of magnesia in place of part of the line; 

b. The presence of silica, iron, alumina, alkalies, or other impurities. 

It seems advisable to discriminate between these two cases, even 

though a gi\en sample of limestone may fall under both heads, and 
they will therefore be discussed separately. 

The presence of magnesia in place of part of the lime. — A theoret- 
ically pure limestone would, as above noted, consist entirely of the 
mineral calcite or calcium carbonate; and would therefore correspond 
to the formula CaCOs. Setting aside for the moment the possible 
presence of such impurities as iron, alumina, silica, etc., it may be 
said that lime is rarely the only base in a limestone. During or after 
the formation of the rock a certain percentage of magnesia is often 
introduced, thus giving a more or less magnesian limestone. In such 
mixtures part of the calcium carbonate is replaced by magnesium 
carbonate, so that a general formula for a mixture of this type would be: 

xCtx • C();j -bl/Mg • C0;j. 

In this formula x might theoretically vary from 100 per cent to 
zero, while y might vary inversely from zero to 100 per cent. But as a 
matter of fact, this perfect gradation from a pure calcium carbonate to a 
pure magnesium carbonate does not occur in nature. There are wide 
gaps in the series, due to the formation, and intermixture, of certain 
definite minerals. The three minerals which enter into the problem 
are respectively: 

Calcite = CaC() 3 
Dolomite =CaC() ;j , MgCO.j 
Magnesite = MgC() 3 . 

During past geologic periods the processes and conditions which 
permitted the formation of magnesite in any economic quantities at 
any given point, were very rare. On the other hand there were numer- 
ous opportunities for the formation of calcite, of dolomite, and of cer- 
tain calcite-dolomite intermixtures. When we speak of limestones we 
limit the term to that portion of the series which lies between the limits 
of calcite on the one hand and dolomite on the other. The general 
formula for an actual limestone is therefore 

zCaC 0 3 +i/CaC 03 ,MgC 03 

in which y and x vary inversely, from zero to 100 per cent. 
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Though magnesia is often described as an “ impurity ” in limestone, 
sthis term, as can be seen from the preceding statements, hardly expresses 
the facts in the case. The magnesium carbonate present, whatever its 
amount, simply serves to replace an equivalent amount of calcium 
carbonate, and the resulting rock, whether little or much magnesia is 
present, is still a pure carbonate rock. With the impurities to be dis- 
cussed in later paragraphs, however, this is not the case. Silica, 
alumina, iron, sulphur, alkalies, etc., when present are actual impurities, 
not merely chemical replacements of part of the calcium carbonate. 

The presence of silica, alumina, iron, and other impurities.— If a 
number of limestone analyses be examined, it will be found that the 
principal impurities present are silica, alumina, iron oxide, sulphur, and 
alkalies. 

Silica when present in a marble or crystalline limestone is usually 
combined with alumina, iron, lime, or magnesia, and occurs therefore 
in the form of a silicate mineral. In an ordinary limestone it is very 
often present as masses or nodules of chert or flint, or else combined 
with alumina as clayey matter. In the softer limestones, such as the 
chalks and marls, the silica may be present as grains of sand. 

Alumina is commonly present combined with silica cither as grains 
of a silicate mineral or as clayey matter. 

Iron may be present as carbonate, as oxide, or in the sulphide form 
as the mineral pyrite. 

Sulphur is commonly present in small percentages in one of two 
forms: as pyrite or iron disulphide (FeSa) or as gypsum or lime sul- 
phate (CaS0 4 + 2H 2 0). 

The alkalies soda and potash are frequently present in small quan- 
tity, probably in the form of complex silicates. 

Geologic and geographic distribution of limestones. — Limestones 
occur in every state and territory in the United States, though of course 
some states (Delaware, North Dakota, Louisiana, etc.) are so poorly 
supplied that they can never become important lime producers, while 
other states are almost entirely underlain by limestone strata. Geo- 
logically, the limestone utilized in various parts of the United States 
ranges entirely through the geological column, from the pre-Cambrian 
to the Pleistocene, inclusive. 

Under such conditions of wide geographic and geologic distribu- 
tion it is not practicable to give a summary of any value in the present 
volume. The list of references given in the following pages will enable 
the reader to ascertain the facts regarding the limestones of any given 
region in which he may be interested. 
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Burchard, E. F. Stone resources east of the Mississippi River. Mineral 
Resources U. S. for 1911, vol. 2, pp. 732-831. 1912. 

Burchard, E. F. Stone resources m Great Plains and Rocky Mountain States. 

Mineral Resources IT. S. for 1912, vol. 2, pp. 754-815. 1913. 

Burchard, E. F., and others. Stone resources in the states west of the Rocky 
Mountains. Mineral Resources U. S. for 1913, vol. 2, pp. 1335-1408. 
1914. 

Eckel, E. C., and Burchard, E. F. Portland Cement Materials of the United 
States. Bulletin 522, V. S. Geol. Survey, 401 pp. 1913. 

Miller, W G. The limestones of Ontario. Ann. Rep. Ontario Bureau of 
Mines for 1904, pt. II, 143 pp. 1904. 

Howe, J. A. The Geology of Building Stones. 455 pp. London, 1910. 
This is the best guide for commencing work on European limestones, 
and is, of course, specially good on Bntidi stones. 

The volumes above listed include bibliographies which will give such 
further data in regard to special areas as may be needed. 

Shells as sources of lime. -Most molluscan shells consist essentially 
of lime carbonate, with commonly very small percentages (less than 1 
per cent) of magnesium carbonate, and traces of alkalies, phosphoric 
acid, etc. The analyses given in Table 31 will serve to illustrate the 
composition of the shells of three common species of molluscs. 

Those analyses show that in ordinary practice commercial lots of 
oyster-shell may be expected to carry around 5 per cent of silica, iron 
oxide and alumina; with entirely unimportant percentages of sulphur, 
potash, phosphorus, etc. It is probable that the clay impurities men- 
tioned as being present in some quantity are in large part external 
impurities, and that they may vary in amount according to the condi- 
tion and cleanness of the shell as secured. 


Table 31. 

A.valysks of Various Mollusc \n Shells 



1 

3 

■' 

1 

•> 

0 

Silica (Si0 2 ) .... 

5 30 

1 19 

n d 

0 20 

0 16 

n d. 

Alumina (A1 2 0 3 ) . . . 

0 OS 






Iron oxide (Fe 2 0 3 ) . 

0 17 

0 04 

n d. 

0 04 



Lime (CaO) 

52 14 

53 37 

n d 

52 86 

54 55 

.54 38 

Magnesia (MgO) 

0 25 






Alkalies (K 2 0, Na 2 0) 

0 35 






Sulphur trioxide (S0 3 ) 

0 16 

0 81 

0 80 

0 35 

0 28 

0 28 

Phosphorus pentoxide (IMh) 

n d 

0 11 

n d 

0 05 

0 001 

n d 

Carbon dioxide (C() 2 ) 

41 61 

40 60 

n d 

41 02 

42 82 

n d. 

Water . .. 







Organic matter 

2 32 

3 48 

3 17 

5 02 

2 01 

2 04 


1 Oyster-shell L P Brown and J S II Koinor, analysts Amor Chemical Journal, vol 11, 

P* 5 2-3 3 Oyster-shell. How, ana’yst Amer. Journal of Science, 2d series, vol. 41, p 380 

4. Mussel-shell " “ “ ” ‘‘ ?d ** ‘‘ p 380 
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At various point where the oyster-canning industry is largely 
developed oyster-shells are burned into lime. An important lime- 
burning industry is, for example, based upon the use of waste oyster- 
shells at Baltimore, Md. In the case of the lime whose analysis is 
given below the shells had been charged, mixed with small anthracite, 
into a cylindrical kiln, and the resulting lime consequently shows the 
presence of a considerable amount of coal-ash. By burning the shells 
in kilns with separate furnaces this can be avoided, giving a much 
improved product. 

The following analyses were made * by L. P. Brown and J. S. H. 
Koiner on the oyster-shell used in lime-burning at Baltimore, Md., and 
the resulting lime: 


Table 32. 

Analyses of Oyster-shells and Oyster-shell Lime. 



Shell 

Li mo 

Silica (Si0 2 ) 

3 30 

6 29 

Alumina (A1 2 0 3 ) 

0 08 

0 42 

Iron oxide (Fe 2 0 3 ) 

0 17 

0 33 

Lime (CaO) 

52 14 

85 49 

Magnesia (MgO) 

0 25 

0 31 

Alkalies (K 2 (), Na 2 0) 

0 35 

0 80 

Sulphur trioxide (S() 3 ) 

0 16 

0 66 

Carbon dixoidc (C() 2 ) 

41 61 

| 0 70 

Water 


3 97 

Organic matter 

2 32 



American Chemical Journal, vol 11, p 37, 1889. 
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Before taking up the discussion of manufacturing methods it will 
be of value to consider briefly the chemical principles upon which these 
methods are based and the classes of products which result. 

The burning of a pure non-magnesian limestone.— An absolutely 
pure limestone, free from both magnesia and other impurities, corre- 
sponds in composition to calcium carbonate (CaCOn). If a pure lime- 
stone be heated to 800° (\ or over, this carbonate is dissociated, the 
carbon dioxide (COo) being driven off as a gas, while the calcium oxide 
(OaO) is loft behind as a white solid, known as quicklime or caustic lime. 
This decarbonation may be expressed in a formula as follows: 

Limestone (CaC() 3 )+heat = Ca() (lime)-fC02 (carbon dioxide). 

As the original lime carbonate consisted of 56 parts by weight of 
CaO to 44 parts of CGL, the formula may be given a commercial quanti- 
tative value, as below : 

100 lbs. limestone + heat = 56 lbs. quicklime-f 44 lbs. carbon dioxide. 

In the process of burning from limestone to quicklime, the material 
has therefore lost 44 per cent in weight. It has also decreased in bulk, 
but in a much smaller ratio, the decrease varying from 12 to 20 per cent. 
Pure limestone has a specific gravity of 2.715, while the true specific 
gravity of pure quicklime is 3.09 to 3.15, though much less in lumps. 

The dissociation of limestone on heating begins at a temperature 
of about 750° O., but is usually not complete until 900° C. or there- 
abouts is reached. As the expulsion of the carbon dioxide is hindered 
by the presence of the gas itself dissociation is accomplished more rapidly 
if either (a) the carbon-dioxide gas, as fast as it is formed, is removed 
from the kiln by a pump, or ( b ) a jet of steam or water is introduced, 
the effect being to form a mixture of steam and carbon dioxide, which 
exerts less pressure than would the pure gas alone. In practice the 
pumping method is rarely used, but the injection of water or steam 
is quite a common practice. 
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The burning of a magnesian limestone. — If the limestone, though 
otherwise pure, contains magnesium carbonate, the effects produced 
by burning will vary somewhat from those discussed above. Suppose, 
for example, that a limestone consisting of 60 per cent lime carbonate 
-f 40 per cent magnesium carbonate be burned until dissociated. The 
original limestone consisted of 

60 lbs. CaC()a( = CaO+C0 2 ) +40 lbs. MgC0 ; ,(Mg0+C0 2 ). 

While lime carbonate is made up of 56 per cent Ca() plus 44 per cent 
CO 2 , magnesium carbonate contains 47.6 per cent MgO plus 52.4 per 
cent C0 2 . The bulk composition of the original limestone may, 
therefore, be expressed (plant itatively as follows: 

60 lbs hinecarbonate = 

40 “ magnesium carbonated 

The orignal rock, therefore, carries in 100 lbs. 83.60 lbs. of lime (CaO), 
19.04 lbs. of magnesia (MgO), and 47.36 lbs. of carbon dioxide (CO 2 ). 

If a rock of this composition be burned, the carbon dioxide will be 
driven off, as in the case of a pure limestone, but the solid mass remain- 
ing will consist partly of lime (CaO) and partly of magnesia (MgO). 
In addition to this difference, a difference in loss of weight is to be noted. 
In discussing the burning of a pure non-magnesian limestone it was 
stated that the driving off of the carbon dioxide meant the loss of 44 
per cent in weight. In the case of the particular magnesian limestone 
here discussed it, can bo seen that the expulsion of the carbon dioxide 
is equivalent to a loss of 47.36 per cent in weight. 

Dissociation, in the case of a magnesian limestone, appears to be 
effected at a somewhat lower temperature * than when a non-mag- 
nesian limestone is burned, but no accurate data on this point are avail- 
able. 

Classification of limes. — For commercial purposes limes carrying less 
than 5 per cent of magnesia can be marketed as pure or high-calcium 
limes; but those containing over 5 per cent differ so markedly in their 
properties that it is necessary to class them separately. The groups 
are, therefore, as follows: 

Group A. High calcium limes: Limes containing less than 5 per cent of 
magnesia. The limes of this group differ among themselves according 
to the amount of silica, alumina, iron, etc., contained. A lime carrying 

* Probably about C>00°-700° C. 


f 33 60 lbs CaO 
1 26 40 " C() 2 
/ 10 04 “ MgO 
l 20 90 “ C(>2 
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less than 5 }>er cent of such impurities is a “ fat ” or “ rich ” lime, as 
distinguished from the more impure “ lean ” or “ poor ” limes. 

Group B Magnesian limes Limes containing oxer f> per cent (usually 30 
jx>r cent or oxer) of magnesia These limes are all slower slaking and 
cooler than the high-calcium limes of the preceding group, and they 
appear to make a stronger mortar. They are, howexer, less plastic 
or “smooth,” and in consequence are disliked by workmen. As com- 
mercially produced, they usually carry oxer 30 per cent of magnesia. 

Methods and Costs of Lime-burning. 

Compared with the complicated processes employed in the manu- 
facture of Portland cement, Imic-niakmg is a very simple industry, 
the only distinctive operation requiring attention being the burning 
of the limestone. In the present section t he types of lime-kilns employed 
at various localities xvill be considered, detailed descriptions of several 
of the more impoitant. styles being given. A few brief notes on the 
utilization of a hitherto practically unused by-product (carbon dioxide) 
will then be given, after which the costs of hmc-manufacturc xvill be 
considered. 

Heat requirements in lime-burning. In burning limestone to lime 
heat is required for three purposes: 

(«) Evaporating any water contained in the limestone. 

(6) Heating the limestone to its dissociation lemperature. 

(r) Driving off carbon dioxide fiom the lime (and magnesium) 
carbonate. 

The water in the limestone, however, aids in the dissociation, so 
that the first heat requirement, may be neglected here. Heating the 
limestone from the air temperature (say (>0° K.) to its point of disso- 
ciation (about 1700° F. for lion-magnesian limestones), assuming that 
within this range the specific heat of limestone is 0.22, would require, 
for one toil of limestone (2000 X 22 X 1700 — 00) = 721,000 B.T.U. For 
a magnesian limestone, which loses its carbon dioxide at a lower tem- 
perature, this amount would be considerably reduced. 

The heat used in the actual dissociation is known quite accurately. 
One pound of lime carbonate (CaCOa) xvill require 772 B.T.U. for its 
dissociation, while one pound of magnesium carbonate would require 
only 465 B.T.U.* It is of course true that the magnesia is not present 
in the form of magnesite, but until furnished with some exact deter- 
mination concerning the dissociation of dolomite we will have to act 

*The dissociation heats here quoted are those accepted, from the results of 
Thomsen and of Johnston, in Technologic Paper, No 16, U S Bureau of Standards 
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on the assumption that its heat-requirements are proportional to the 
lime and magnesia contained. 


Table 33. 

Heat and Fuel Theoretically Required in Burning One Tun of 
Limestone 



Composition 

of Limestone 


100% CaCOj , 

50% CnCOj, 

50% MrCOi 

Heat required for heating to dissociation- 
point 

Heat required for actual dissociation 

721,600 BTU. | 
1,544,000 “ 

369,600 B.T U 
1,238,000 “ 

Total heat requirements 

2,265,1)00 B T U 

1,607,600 B.T U 

Coal theoretically required (14,000 B T II 
per lb ) : 

Intermittent kilns 

Continuous kilns 

162 lbs 

1 10 lbs 

115 lbs 

88 lbs 


The above results are to be regarded only as approximations to 
the truth, because the chemical data on which the calculations are 
based are not accurately determined, but the figures suffice to show 
the great economy in fuel consumption which comes from the use of very 
highly magnesian limestone. With intermediate limestones, however, 
carrying from 10 to 30 per cent of magnesium carbonate, this apparent 
economy would not prove real, since the calcite and the dolomite pres- 
ent would not be calcined at the same temperature; but fortunately 
such intermediate limestones are of comparatively rare occurrence in 
nature. 

Types of lime-kilns. — The types of kilns employed in lime-burning 
may be grouped as follows: 


Intermittent kilns 
Continuous kilns. 


Vertical kiln, mixed feed. 

Vertical kiln, separate feed 
Ring or chamber kiln . 
Rotary kilns . 


•d) 


(2) 


| limestone and fuel fed ] 

| in alternate layers j 
limestone and fuel not in contact (3) 

(4) 

(5) 


(1) Intermittent kilns are those in which each burning of a charge 
constitutes a separate operation. The kiln is charged, burned, cooled, 
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and the charge is drawn; then the kiln is again charged, and so on. 
The disadvantages of this intermittent mode of operation are obvious; 
and kilns of this type are consequently employed only where there is a 
slight or very irregular demand for the product. Old kilns of this kind 
can still be seen in farming regions, where charges of lime are burned 
as the neighborhood demand requires. 

These primitive kilns were * “ rudely constructed of stone, and 
were located on the side of a hill, so that the top was easily accessible 
for charging the kiln with stone and the bottom for supplying fuel 
and drawing out the lime. In charging, the largest pieces of limestone 
were first selected and formed into a rough dome-like arch with large 
open joints springing from the bottom of the kiln to a height of five 
or six feet-. Above this arch the kiln was filled from the top with frag- 
ments of limestone, the larger pieces being used in the lower layers, 
these being topped off with fragments of smaller size. A wood fire 
was then started under the dome, the heat being raised gradually to 
the required degree in order to prevent the sudden expansion and con- 
sequent rupture of the stones forming the dome. Should this happen, 
a downfall of the entire overlying mass would take place, putting out 
the fire and causing the total loss of the contents of the kiln. After a 
bright heat was once reached throughout the mass of stone, it was 
maintained for three or four days to the end of the burning. This was 
indicated by a large shrinkage in volume of the contents of the kiln, 
the choking up of the spaces between the fragments, and the ease with 
which an iron rod could be forced down from the top. The fire was then 
allowed to die out and the lime was gradually removed from the bottom. 
It was in this manner that all the lime used in Indiana for many years 
was burned, and in some localities these temporary intermittent kilns 
are still in operation. The process of burning is simple and cheap, 
the only expense being for blasting the stone and preparing the fuel. 
Possibly but one or two kilns were necessary to supply a neighbor- 
hood for a year. These were operated for a week or two when required 
and remained idle for the remainder of the year. 

“ As the population increased, the demand for lime became greater, 
and in many places permanent kilns lined with fire-brick were erected. 
These were the old-fashioned stone 1 pot-kilns ’ of a quarter century ago. 
On the inside they were usually circular in horizontal section, tapering 
slightly, by a curve both up and down, from the circle of largest diameter, 
which was from 4 to 6 feet above the bottom. A kiln 10 to 11 feet 
in greatest diameter was 25 to 28 feet high, 5 to 6 feet in diameter at 

* Blatchley, S W 29th Ann Rep Indiana Dept Geology, pp. 225-227, 1904. 
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on the assumption that its heat-requirements are proportional to the 
lime and magnesia contained. 


Table 33. 

Heat and Fuel Theoretically Required in Burning One Tun of 
Limestone 



Composition 

of Limestone 


100% CaCOj , 

50% CnCOj, 

50% MrCOi 

Heat required for heating to dissociation- 
point 

Heat required for actual dissociation 

721,600 BTU. | 
1,544,000 “ 

369,600 B.T U 
1,238,000 “ 

Total heat requirements 

2,265,1)00 B T U 

1,607,600 B.T U 

Coal theoretically required (14,000 B T II 
per lb ) : 

Intermittent kilns 

Continuous kilns 

162 lbs 

1 10 lbs 

115 lbs 

88 lbs 


The above results are to be regarded only as approximations to 
the truth, because the chemical data on which the calculations are 
based are not accurately determined, but the figures suffice to show 
the great economy in fuel consumption which comes from the use of very 
highly magnesian limestone. With intermediate limestones, however, 
carrying from 10 to 30 per cent of magnesium carbonate, this apparent 
economy would not prove real, since the calcite and the dolomite pres- 
ent would not be calcined at the same temperature; but fortunately 
such intermediate limestones are of comparatively rare occurrence in 
nature. 

Types of lime-kilns. — The types of kilns employed in lime-burning 
may be grouped as follows: 


Intermittent kilns 
Continuous kilns. 


Vertical kiln, mixed feed. 

Vertical kiln, separate feed 
Ring or chamber kiln . 
Rotary kilns . 


•d) 


(2) 


| limestone and fuel fed ] 

| in alternate layers j 
limestone and fuel not in contact (3) 

(4) 

(5) 


(1) Intermittent kilns are those in which each burning of a charge 
constitutes a separate operation. The kiln is charged, burned, cooled, 
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this apparently high consumption is that so much of the product is 
usually unfit for use. 



The Aalborg or Schofer kiln, one of the best types of stationary 
kilns for cement practice, has been employed in a somewhat modified 
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form for burning lime and hydraulic lime. The lime-kiln of this type 
is shown m Fig. 24. The limestone is fed in at the charging door, li, 
while the fuel is charged through the chutes /,/. The mass of limestone 
in the preheating chamber D is dried, heated, and partly decarbonated 
before it enters the lmrning-zone, when the decarbonat ion is complete. 
The cooling-chamber C reduces the temperature of the burned lime 



Fig. 24 — Aalborg kiln for lime-burning 

and incidentally heats the air which passes through it to supply com- 
bustion. These features make the Aalborg kiln very economical in 
fuel consumption. Each kiln will turn out 15 to 20 tons per day, and 
will use 220 to 260 pounds of coal per ton of quicklime burned, equiva- 
lent to a fuel consumption of 10 to 12 per cent on the weight of the 
product, which is very close to the theoretical minimum. 

(3) Vertical kilns with separate feed . — Kilns of this type, which are 
now used at most of the larger lime-burning plants, are equipped with 
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separate fireplaces to carry the fuel, distinct from the body of the kiln. 
These fireplaces may he set either in the wall of the kiln, the usual posi- 
tion when a stone-walled kiln is used, or outside of the kiln-shell. The 
kiln body proper contains the charge of limestone, while the fuel is fed 
and burned in these fireplaces or furnaces. The limestone, therefore, 
does not come into direct contact with the fuel, but only with the hot 
fuel gases. Other things being equal, kilns of this type could not show 
quite as high a fuel efficiency as kilns in which the limestone and fuel 
are charged together in alternate layers. The product, however, is 
of a much higher grade, for it is not discolored by contact with the fuel, 
and it contains no fragments of unburned fuel or fuel ashes and (‘linkers. 
With average care in feeding and burning, it is probable that at least. 
90 per cent of the product from a kiln of this type will be a well-burned 
clean white lime, as compared with the 75 or SO per cent obtainable 
from mixed-feed kilns. As the fuel-burning apparatus is entirely dis- 
tinct from the body of the kiln, the firing can be kept under better 
control, so that the percentage ol underburned and overburned material 
in the product should be materially decreased. 

Kilns of this type are commonly 55 to 50 feet in height and 5 to 8 
feet in inside diameter, with either two or four fireplaces or “ furnacos. ,, 

The Keystone kiln, described in detail below, may be taken as fairly 
representative of this type of lime-kiln. Its construction can be 
clearly seen from Fig. 25, which shows the kiln with a portion of the 
shell cut away to exhibit the interior, and with the side wall of the fur- 
nace l amoved to show its construction. The kiln from top to floor 
is a heavy steel shell lined with fire-brick. The base of the kiln below 
the firing platform is made from very heavy steel plates, reinforced 
on the inside by numerous stiffening-ribs. The furnaces arc* carried 
on steel platforms which extend a sufficient distance in front of the 
firing-doors to give a convenient working space. In addition to being 
supported at the inner ends by attachment to the shell of the kiln 
the steel beams which floor the platforms rest at their outer ends on 
steel columns. 

In operating this kiln the flame from the coal (or wood) burned 
in each furnace is directed through two large openings in the kiln shell 
and lining directly against the limestone which fills the kiln. These 
openings, as well as the kiln shell and the furnaces, are lined with fire- 
brick. 

As the lime passes the burning-zone it falls into a “ cooling-cone ” 
made of steel plates. This is an inverted hollow frustum of a cone 
suspended from a heavy cast-iron plate, which in turn is supported 
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Fig. 25 — Keystone lime-kiln. 
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by gusset plates riveted to the base of the kiln. The cooling-cone varies 
from 6 to 67 * feet in diameter at top, according to the size of the kiln, 
and is 7 feet high. The burned and partly cooled lime is drawn from 
the cone by means of shears or draw-gates at its bottom. These gates 
are operated by hand-wheels which project, outside of the kiln base, 
thus removing the operator from the dust and heat of the lime. The 
lime can be discharged into a car run in under the cooling-cone or on 
the floor. The heated air which ordinarily would accumulate around 
the cooling-cone is discharged into the ash-pit under the grates, which 
adds considerably to the efficiency of the furnace. Arrangement can 
also be made for placing a steam-jet m the hot-air passage so as to pro- 
vide forced draft if desired. 


Table 34. 

Dimiamons of Kiostom: Limk-kiias. 


! No , 


No 3 

Outside diameter of shell 

10 ft 

1U ft 

12 ft 

Inside diameter of lining 

f> “ 

1 0 “ 

6 $ “ 

Total height 

3s “ 

48 “ 

48 “ 

Output per day, in bushels of 70 lbs 

200 250 

250 800 

800-350 


Many patents have been taken out to cover improvements in various 
details of the ordinary lime-kiln. One of these patented devices is 
shown in Fig. 20, where boilers are inserted in the kiln arches so as to 
utilize the waste heat, of the kiln. The boilers, in turn, are used to 
develop the power needed for running drills, hoists, and other machinery 
in the quarry and mill. 

(4) King or chamber kilns.- Ohamber kilns of the Hoffman type, 
though never used in America, are in somewhat extensive use in Europe 
for both lime and Port land-cement burning. They are described 
on later pages in connection with the burning of Portland cement. 
When used for burning lime m Europe, a fuel consumption of 400 to 
450 lbs. coal per ton (2000 lbs.) of burned lime is attained in common 
practice, while lower consumption can be expected under favorable 
conditions. The Hoffman kiln is, of course, a great improvement in 
both economy and quality of product on the old style of vertical kiln, 
but it is doubtful if it gives better results than the modern kilns now 
in use in the more important American lime-plants. 

Gen. Q. A. Gilmore stated * in 1871 that a Hoffman kiln used for 
lime-burning at Llandulas, Wales, produced about 80 tons of lime per 
day at the following detailed cost: 

* Gillmore, Q A A practical treatise on Coignet-B6ton and other artificial 
stone, pp 71-72, 1871 
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Cost of quarrying stone, including tools 

Charging kiln 

Drawing kiln 

Wages of burners 

Fuel at $1 75 per ton 
Managing expenses, etc 

Cost of lime per ton 
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(5) Rotary kilns . — The successful use of the rotary kiln in the Port- 
land cement industry led, of course, to experiments with its use in the 
burning of lime; but so far very few plants have adopted the rotary 
kiln for this purpose. Its essential disadvantage— high fuel consump- 
tion — appears just as strikingly in the lime industry as in cement man- 
ufacture, while there are several additional troubles, due to conditions 
in the lime industry. 

For successful operation, the material fed to a rotary kiln should be 
of fairly even size, and preferably finely ground; these conditions ensure 
steady operation, even burning and large output. But in the lime 
trade there is still objection to anything except lump lime, so that unless 
all of the product from a rotary goes to a hydrating plant there are 
trade objections to the use of the kiln. Further than that, it is difficult 
to keep the rotary temperature down to an economical lime-burning 
heat, so that an impure stone is apt to give a large amount of clinkers. 

Under these circumstances, the use of the rotary kiln for making 
lime that goes to the general trade is as yet limited. It is least dis- 
advantageous when either the limestone is very pure, or when it is 
naturally very fragile. The use of the rotary has grown slowly until 
now there are some thirty kilns of that type used in the United States 
for lime burning. Its use may be expected to increase as the demand 
for hydrated lime and for chemical lime grows larger. 

The overburning of lime . — There are many references in the liter- 
ature of lime manufacture, to “ overburned ” lime, a term which hardly 
fits in with the known facts of the case. A pure limestone, i.e., one 
that is free from silica, alumina and iron oxide— will not “ overburn ” 
at any temperature that will be reached in a lime kiln. 

What we call “ overburning ” is in reality the clinkering of a portion 
of the burned product, due to combination (during the burning) of part 
of the lime with silica, alumina or iron. The phenomenon has two dis- 
tinct though similar causes. 

(1) Clinkering of an impure limestone . — If the limestone which is 
being burned carries much in the way of clayey impurities — silica, 
alumina, iron oxide — there is danger that the temperature reached in 
the lime kiln' will be high enough to cause combination of the lime with 
these constituents. The result will be the sintering of clinkering of a 
portion of the product. It is in reality the formation of a certain amount 
of grappiers or natural cement. In American practice these “ over- 
burned ” portions are thrown away; in Europe they are carefully 
saved and ground to make the well-known and valuable “ grappier 
cements ” described in Chapter XIV. Clinkering or “ overburning ” of 
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this type may begin at quite low temperatures in a lime carrying 10 
per cent or more of clayey impurities; and it may occur locally with 
stone carrying only 5 per cent. 

(2) ('tinkering due to ash or h twigs— (tinkering or “ overburning ” 
of a portion of the kiln product may also occur in another way, the 
clayey matter being derived, not from natural impurities in the lime- 
stone, but from outside sources. In mixed-feed kilns the ash of the 
coal is likely to contribute such constituents, and to cause clinkering 
of some of the lime. In other types of kiln, there will be at high tem- 
peratures attack by the lime on the kiln-linings; and the same result 
will be brought about. 

Actual fuel requirements.— In a preceding section (page 100) it was 
seen that to burn a limestone to lime required on the average, in theory, 
not much over 100 lbs. of coal per ton of limestone used, or say 200 lbs. 
of coal per ton of lime produced. In actual practice these theoretical 
amounts are of course heavily exceeded; the usual fuel consumption 
will range around three to live times the amount theoretically required. 

A series of actual tests covering the utilization and waste of the heat 
employed was carried + on by W. U. Kmley, of the lb S. Bureau of 
Standards some years ago. The results an* summarized in Table 35 
following. 

Type of fuel actually used.—' The following data on types of fuel 
actually used at American lime plants during recent, years, are sum- 
marized from publications of the United States Geological Survey: 

Table 36. 


Type of Fuel Used at Amekicw I’unts 


kiliiH l smjr 

CM f 

1*117 

1*1 is 

Coal 

1331 

1138 

885 

Coke 

123 

189 

151 

Coal and coke 

22 

51 

37 

Oil 

fit 

27 

24 

Natural gas 

30 

25 

21 

Producer gas 

70 

80 

76 

Wood 

179 

208 

194 

Coal and wood 

Mixed or unspecified 

220 

182 

182 

Total kilns reported 

233S 

1900 

1570 


Utilization of carbonic-acid gas from lime-kilns.— During the burn- 
ing of limestone to lime an enormous amount of carbonic-acid gas 

* Reported in Technologic Paper, No 16, U S Bureau of Standards, 1913 
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(carbon dioxide, CO 2 ) is driven off and usually wasted. The extent of 
this waste may be appreciated when it is recalled that 100 lbs. of pure 
limestone would give on calcination 56 lbs. of quicklime and 44 lbs. 
of carbon dioxide. To put the matter in another way, for every ton 
(2000 lbs.) of lime made 1571 lbs. of carbon dioxide are thrown into 
the atmosphere. During recent years, therefore, over one and a 
half million tons of carbon dioxide were produced— and wasted— from 
the lime-works of the United States. Few attempts have been made 
by lime-manufacturers to utilize this valuable by-product, though the 
manufacture of carbonic acid, as an independent industry, has become 
of great importance. 

Cost of lime-manufacture. — With the exception of a comparatively 
few large and well-managed lime-plants, lime-manufacture in the United 
States is not so steadily and economically handled as to give much 
basis for generalizations concerning costs. The result is that the data 
obtainable arc rarely definite enough to be of much service. The follow- 
ing is probably as fair a statement of the case as can be made. The 
data given refer to unit costs of labor and materials as of the 1903— 
1913 price level, and should be changed as earlier noted (pp. 7-9) 
for use in any other period. 

The principal items to be considered in estimating the cost of lime- 
manufacture are: 

(1) Interest on cost of plant and quarry. 

(2) Cost of quarrying limestone. 

(3) Cost of fuel for burning. 

(4) Labor costs, exclusive of quarry. 

The interest, on cost of plant and quarry will vary greatly according 
to the steadiness with which the plant is operated. This is, of course, 
true with regard to the same item in the cement industry, but lime- 
plants are in general subject to greater fluctuations in output. The 
estimates given below of interest .charges per ton of lime are therefore 
given a very wide limit, but it is believed to be impracticable to place 
them more definitely. 

The cost of quarrying is also variable, but within narrower limits. 
In large, carefully managed quarries located near the kilns, and with 
stone and stripping so arranged as to admit of cheap extraction, the 
cost of quarrying the limestone and transporting it to the kiln may fall 
as low as 25 cents per ton. This cost is attained in Portland-cement 
quarries in the Lehigh district of Pennsylvania, and in a number of 
natural-cement, and lime quarries elsewhere. On pages 352, 355 will 
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this type may begin at quite low temperatures in a lime carrying 10 
per cent or more of clayey impurities; and it may occur locally with 
stone carrying only 5 per cent. 
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of a portion of the kiln product may also occur in another way, the 
clayey matter being derived, not from natural impurities in the lime- 
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(carbon dioxide, CO 2 ) is driven off and usually wasted. The extent of 
this waste may be appreciated when it is recalled that 100 lbs. of pure 
limestone would give on calcination 56 lbs. of quicklime and 44 lbs. 
of carbon dioxide. To put the matter in another way, for every ton 
(2000 lbs.) of lime made 1571 lbs. of carbon dioxide are thrown into 
the atmosphere. During recent years, therefore, over one and a 
half million tons of carbon dioxide were produced— and wasted— from 
the lime-works of the United States. Few attempts have been made 
by lime-manufacturers to utilize this valuable by-product, though the 
manufacture of carbonic acid, as an independent industry, has become 
of great importance. 

Cost of lime-manufacture. — With the exception of a comparatively 
few large and well-managed lime-plants, lime-manufacture in the United 
States is not so steadily and economically handled as to give much 
basis for generalizations concerning costs. The result is that the data 
obtainable arc rarely definite enough to be of much service. The follow- 
ing is probably as fair a statement of the case as can be made. The 
data given refer to unit costs of labor and materials as of the 1903— 
1913 price level, and should be changed as earlier noted (pp. 7-9) 
for use in any other period. 

The principal items to be considered in estimating the cost of lime- 
manufacture are: 

(1) Interest on cost of plant and quarry. 

(2) Cost of quarrying limestone. 

(3) Cost of fuel for burning. 

(4) Labor costs, exclusive of quarry. 

The interest, on cost of plant and quarry will vary greatly according 
to the steadiness with which the plant is operated. This is, of course, 
true with regard to the same item in the cement industry, but lime- 
plants are in general subject to greater fluctuations in output. The 
estimates given below of interest .charges per ton of lime are therefore 
given a very wide limit, but it is believed to be impracticable to place 
them more definitely. 

The cost of quarrying is also variable, but within narrower limits. 
In large, carefully managed quarries located near the kilns, and with 
stone and stripping so arranged as to admit of cheap extraction, the 
cost of quarrying the limestone and transporting it to the kiln may fall 
as low as 25 cents per ton. This cost is attained in Portland-cement 
quarries in the Lehigh district of Pennsylvania, and in a number of 
natural-cement, and lime quarries elsewhere. On pages 352, 355 will 
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As the total quantities of lime produced are not stated, it is impos- 
sible to reduce the total costs given in the table to costs per ton or 
bushel of product. A simple calculation, however, enables us to 
reduce them to percentages of the total cost, so that the relative impor- 
tance of the various elements making up this total can be readily 
noted. In Table 38, below, this has accordingly been done. The 
interest charges have been taken at 6 per cent of the total capital, and 
no specific allowance has been made for depreciation or repairs, as these 
items for the year in question must appear under one of the other head- 
ings. The value of the product has also been calculated, in percentages 
of the total cost. 


Table 38. 

Elements of Cost of Lime-manufacture, Expressed in Percentages of Total 

Cost 
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Table 30. 

Lime Burned and Sold in the United States in 11)00-1920 



Quantity 
(Short Tons) 

Value 

Average Price 
per Ton 

Number of Plants 
m Operation 

1909 

3.484,974 

$13,846,072 

$3 98 

1232 

1910 

3,505,954 

14,088,039 

4 02 

1125 

1911 

3,392,915 

13,689,054 

4 03 

1139 

1912 

3,529,462 

13,970,114 

3 96 

1017 

1913 

3,595,390 

14,648,362 

4 07 

1023 

1914 

3,380,928 

1 13,268,938 

3 92 

954 

1915 

3,622,810 

14,424,036 

3 98 

906 

1916 

4,073,433 

18,509,305 

4 54 i 

778 

1917 

3,786,364 

23,807,877 

6 29 i 

595 

1918 

3,206,016 

26,808,909 

8 36 

496 

1919 

3,330,347 

29,448,553 

8 84 

539 

1920 

3,570,141 

37,543,840 

10 52 

515 
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Statistics of the lime industry— The lime industry, in the United 
States as elsewhere, has grown during recent decades at rather a slow 
rate, compared with other great industries. This has been accom- 
panied by a change in the character of its output, more and more lime 
each year going to the various chemical uses, while the building 
lime proper shows a tendency to decrease. 
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As the total quantities of lime produced are not stated, it is impos- 
sible to reduce the total costs given in the table to costs per ton or 
bushel of product. A simple calculation, however, enables us to 
reduce them to percentages of the total cost, so that the relative impor- 
tance of the various elements making up this total can be readily 
noted. In Table 38, below, this has accordingly been done. The 
interest charges have been taken at 6 per cent of the total capital, and 
no specific allowance has been made for depreciation or repairs, as these 
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of the total cost. 
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This fact is brought out, for one instance, by the tests given on 
page 125. 

Composition of commercial high-calcium limes.— The non-mag- 
nesian or high-calcium limes as marketed will rarely carry less than 
90 per cent of lime oxide (CaO), while they commonly carry over 95 
per cent. The remaining 5 or 10 per cent is made up of magnesia 
(MgO), silica (Si0 2 ), alumina (A1 2 (>:0, iron oxide (Fe 2 O;0, and a little 
carbon dioxide and water. In the following table a number of analyses 
of representative high-calcium limes are given. 


Tahlk 10. 

Analyses ok IIioh-calcium Limes (U S) 


No 

Silica (Si() 2 ) 

Momma (, \I 2 < )-j) 
and Iron 
( )xnle ( 1* f*2 r 8) 

Lime (CaO) 

Magnesia 

(MgO) 

Carbon Dioxide 
(C<) 2 ) anil 
Water 

1* 

0 18 

0 20 

98 44 

0 98 

0 32 

2 

0 37 

0 21 

97 11 

0 50 

n cl 

3 

l 09 

n (1 

90 11 

0 11 

n d 

4 

1 01 

1 30 

97 72 

n (1 

n d 

5 

0 81 

0 75 

98 30 

n (1 

n. d 

0 

1 14 

0 17 

95 00 

0 70 

3 00 

7 

0 30 

0 15 

98 13 

0 12 

0 80 

8 

0 81 

0 17 

90 03 

0 88 

0 12 

9 

1 90 

0 91 

95 00 

0 14 

1 30 

10 

3 42 

1 21 

94 20 

0 32 

0 79 

11 

0 79 

0 20 

97 48 

1 10 

n d 

12 

3 2 

l 1 

94 0 

1 10 

n <1 

13 

1 88 

2 03 

91 93 

3 00 

n d 

H 

1 70 

90 40 

0 01 

l 20 

If, 

0 80 

97 00 

0 30 

1 24 

l(i 

0 23 

1 29 

97 04 

0 80 

n d 

17 

1 00 

0 58 

95 50 

tr 

2 08 

18 

1 93 

0 27 

91 07 

0 79 

3 01 

19 

3 20 

0 80 

91 80 

1 21 

n d 

20 

0 13 

0 30 

97 82 

0 12 

n d 

21 

0 50 

0 22 

97 89 

1 05 

n d 

22 

0 25 

0 15 

97 10 

0 73 

1 41 

23 

0 15 

0 10 

l 97 82 

0 85 

1 02 

24 

tr 

tr 

98 17 

1 12 

0 45 

25 

0 10 

0 12 

99 29 

0 40 

n d 

20 

0 02 

tr 

98 84 

0 12 

1 02 

27 

0 38 

0 05 

98 20 

0 30 

n d 

28 

0 14 

tr 

99 23 

0 00 

n d 

29 

0 27 

0 19 

98 14 

1 10 

n d 

30 

0 18 

0 20 

98 44 

0 98 

0 32 

31 

0 30 

0 42 

98 24 

0 50 

0 54 

32 

2 22 

n d 

90 93 

0 85 

n d 

33 

0 42 

0 33 

97 71 

1 15 

0 32 

34 

0 78 

0 52 

98 40 

0 10 

n d 

35 

1 38 

0 02 

97 80 

0 18 

n d 


* For references see next, page 
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References for Tajjle 40. 

1 Longview Lime Works, longxiew, Mil W C Stubbs, unnlyst 

2 “ " “ “ “ A L Metz, uimlyst 

3. Standard Lime Co , Fort Pajne, Ala A 1) Hriunerd, analyst 20th Rep U S Geol Sur , 
pt 0, p 3.V> 

4 Alton, Ills S K Swartz, niuilyst 20th Hop F S Geol Sur.pt ti, p .178 

5 Star Lime Co , Montgomery Co , Kv H l’eter, ail ih st Report A, Ky Geol Sur\ev p 171 

6 Hutchinson Pros , New Lenox, Mass W M Habirshaw, analyst 20th Rep U S Geol 

Sur , pt 0, p 111 

7-8 J Pallet A Son, Renfrew, Mass 20th Rep l 1 S Geol Sur , pt (*. p 110 
9-10 Colima Lime Works, Aloena, Mich 20th Rep l 7 S Geol Sur , pt 0, p 413 

11 Chary Marble Lime Co , Cliazy , N V F Tom eda, nnal\ st Hull 11, N Y State Museum, 

p 77 b 

12 Brown Lime Works, 1 ero> , N \ Bull 11, N Y State Museum, p 781 

13 Alvord A Co , Jamea\ille, N Y F 1) Lngelhardt, anal\st 20th Ann Rep F S Geol Sur, 

pt (*, p 128 

14, lo Glens lulls, NY J 11 Appleton, analyst 17th Ann Rep F S Geol Sur , pt 3, 

p 801 

10. Robinson A Ferris, Mechanic sv die, N Y M L Griffin, anahst 20th Rep Ann U S 

Geol Sur , pt 0, p 128 

17, 18 Keenan Lime Co , Smith’s Basin, N Y 20th Ann Rep F S Geol Sur , pt 0, p 428 

19 Stitt it Brice, Columbus, Ohio C L Mees, anahst A <>1 I, Rej) Ohio Geol Sur , n (117. 

20 Arlington Lime Co , Frill, Tenn J C W harton, anahst 20th Ann Rep F S Geol Sur, 

pt (1, p 1 13 

21 Gager Lime Co , Sherwood, Tenn 20th Ann Rep F S Geol Sur , pt 0, p til 

22, 23 Austin Wlide Lime Co, McNeil, Tex a** J A Bailey, anahst 2')th Ann Rep U S 

Geol Sur , pt (>, j) 111 

21, 2 r ), 20 J R Roll, Swanton, At 20th Ann Rep F S Geol Sur , pt 0, p l r >'> 

27 Brandon lame Co , Leu ester June lion, A t C 1’ Lee, analyst 20th Ann Rep F S Geol 

Sui , pt 0. p 1 ' A 

28 AV B Fonda, St Albans, At F C Robinson, anil>st 20th Ann Rep F S Geol Sur , 

pt 0, p lot) 

29. Follet Bros, North Pownal, At R Sehuppans, anahst 20th Ann Rep F S Geol Sur, 

pt t>, p 4 ■)."> 

30 Ditto Lime Co, Marlowe*, AV A’a J A Ditto, anahst 20th Ami Rep U S Geol Sur, 

pt 0, p 409 

31 J B Speed & Co, Milltown, I ml Burk A Arnold, analysts 28th Anil Rep Indiana Dept 

Geology, p 211 

32 Fnion Cement and Lime Co, Salem, Ind Cham e-net Bros, analysts 23th Ann Rep 

Ind ium Dept Geology, p 200 

33 Mitchell Lime Co, Mitchell, Ind 10 F Buchanan, anahst 2Stli Ann Rep Indiana 

I )ept ( ecology, p 20 1 

34 Horseshoe Lime and Cement Co , Medford, Ind (’ll uivenet Bros , analysts 28th Ann Rep. 

Indiana Dept Geology, p 200 

30 Horseshoe Lime and Cement Co , Bedfoid, Ind T W Smith, analyst 23th Ann Rep. 

Indiana Dept Geology, p 2 "»(> 


Limes of this type slake rapidly when water is added and develop 
much heat during slaking. They also expand notably, so that the 
resulting paste (slaked lime) will -be much more bulky than the original 
lime. 

Lean or poor limes. — A lime containing over 5 per cent of such 
impurities as silica, alumina, and iron oxide will usually be dark in color, 
comparatively slow slaking, and difficult to trowel in working. Such 
limes are known as “ lean ” or “ poor ” limes. In a feAV eases the impur- 
ities are so evenly and finely distributed throughout the original lime- 
stone that on burning the limestone a certain amount of combination 
takes place between the lime (OaO) and the impurities. This gives 
slighly hydraulic properties to the product. Ordinarily, however, 
no such chemical combination takes place on burning, and the impuri- 
ties simply serve to depreciate the quality of the lime produced. 

The following analyses (Table 41) are of lean limes produced at 
various localities in the United States. 
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Table 41. 


Silica (SiOs) 

Alumina (Al 2 O a ) 

Iron oxide (Fe 2 () 3 ) . . 
Lime (CaO) 

Magnesia (MgO) 


Analyses of Lean Limes. 


2 43 

3 24 

3 50 

1 02 

10 20 

5 50 

6 29 

6 80 

4 26 

3 92 

2 02 

3 00 

1 99 

/ 0 42 
\ 0 33 

81 38 

81 92 

83 20 

82 40 

81 33 

84 40 

85 49 

1 34 

n. (1 

n d. 

n d 

1 17 

1 80 

0 31 


The last of the above analyses is of a lime made by burning oyster- 
shells in a mixed-feed kiln. In this case the impurities shown in the 
lime are largely the result of coal-ash taken up by the lime during manu- 
facture. 

Composition of commercial magnesian limes. — In discussing the 
classification of limes, pages 98, 99, it was stated that limes carrying over 
5 per cent of magnesia were to be grouped commercially as magnes- 
ian limes. In the present place this statement will bear discussing 
in somewhat more detail. 

In theory a limestone can carry anywhere from 0 to 45.05 per cent 
of magnesium carbonate (Mg('();i). In the first case it would have the 
composition of the mineral ealcite ( = Ca( !().»), in the second that of 
the mineral dolomite (CaCO;*-bMg(X); } ), while the intermediate stages" 
falling between these two limits (0 and 45.65 per cent MgOOa) would be 
known simply as magnesian limestones. A further theoretical con- 
clusion is that such intermediate stages would occur approximately as 
commonly as the extreme stages. 

# In practice, however, we find that this last theoretical deduction 
does not hold. If a large series of limestone analyses be compared, 
it will be found that by far the great majority of them arc of the two 
extremes of the series. That is to say, actual limestones are either 
very low in magnesia or very high in it. This condition causes the 
product made by burning limestone to fall usually in one of the two 
following classes: 


A. High-calcium limes: magnesia less than 5 per cent. 

B. High-magnesium limes: magnesia over 30 per cent. 

Intermediate limes are of course burned, but they are compara- 
tively rare. Analyses 10, 11, 12, and 13 of Table 42 are of such inter- 
mediate types, carrying respectively 7.41, 7.52, 13.42, and 6.08 per cent 
of magnesia. 

The composition of the typical magnesian limes is well shown by 
analyses 1-9, inclusive, of Table 42. 
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Table 42. 


Analyses of Magnesian Limes (U S ) 


Number 

Silica (SiOj) 

Mumiiri ( \l 2 Oj) 
and Iron Oxide 
( I’ ej( ) 3 ) 

Li me [CnOi 

Magnesia 

(MgO) 

C irbon 1 )io\ide 
•COj), Water, 

etc 






1 

0 42 

50 57 

12 50 

0 10 

2 

7 25 

1 21 

55 74 

31 07 

1 02 

3 

0 88 

50 SI 

37 98 

2 84 

4 

0 80 

58 00 

38 45 

2 80 

5 

1 (31 

0 17 

57 41 

10 30 

0 41 

6 

2 95 

1 35 

58 33 

37 37 

n (1 

7 

0 10 

1 10 

55 19 

12 31 

0 04 

8 

0 07 

2 02 

03 03 

31 15 

0 13 

9 

0 35 

0 19 

59 20 

38 38 

1 80 

10 

1 09 

1 74 

81 83 

13 12 

1 92 

11 

n (1 

0 38 

91 72 

7 52 

n (1 

12 

1 78 

0 75 

90 07 

7 11 

n <1 

13 

0 15 

1 70 

90 20 

0 08 

0 30 


1 Canaan I inio Co, Carman, Conn J S Vdam, aiiuhst 2()tli \nn Hco I S (;<>ol Sur 

pt tt, p 370 

2 Ladd Lime Works, Bartow, (la N P Pratt, anal\st 20th \nn Hop 1 S Grol Sur, 

pt fi, p 37.') 

3 Kelly Island Lime C n , Sandusky, Ohio I W Skninrr, nnuh-t t’rnate communication 

4 Marblehead Lime Co , Sandusk\ , Ohio .1 \\ Skinner, annl\sf Pn\ ate r ommumcntion 

■ r » I McCollum A Co, Tifiin, ()bio O W ulte, anahst 20th \nn Wop H S (leol Sur, 
pt 0, p 133 

0. McCoy Lime Co , Bridgeport, Pa. C I Header, unalj-t 20th \nn Hep 1 S (leol Sur, 
pt 0, n 110 

7. Sheboygan Lime Works, Sheboygan, Win. (1 Bode, aiml\st 20th \nn Wi*p C, S (leol. 
Sur , pt <>, p 401 

8 Western Lime Co , Huntingdon, Ind T W Smith, an.iKat 2Sth Vim Hep Indiana Dept. 
Geology, p 2.37 

9. Consolidated Lime Co , Huntingdon, Ind. W E Lyons, anahst 2Sth Ann Hep Indiana 
Dept Geology, p 2.30 

10 Petrotskey Lime Co , Bay Shore, Mich E .1 S< hneider, anahst 28tli \nn Hep Indiana 
Dtpt Geology, p 113 

11. WilhaniR Lime Works, Rossie, N Y Bull 14, N Y State Museum, p 81, r > # 

12 West Coxsnekie, Greene, Co , N Y l.Stli Ann, Hep l S Geol Sur , |»t A, p 100,3 

13 Coble Lime Co , Delphi, Ind T. W Smith, analyst 28th \nn Hep Indiana Dept Geology, 

p 233 

Lime-slaking. — The subject of lime-slaking has always boon a mat- 
ter of importance in connection with the ordinary use of lime in making 
mortar for structural work. During the past few years, however, it 
has assumed a far greater importance as being an essential part of the 
manufacture of “ hydrated lime ” and “ lime-sand bricks.” The theo- 
retical aspects of the slaking of lime will be discussed in the section 
below, while the discussion of the actual methods of slaking will be 
found on pages 123-125 and in the two succeeding chapters (IX and X), 
which deal with the manufacture and properties of hydrated lime and 
of lime-sand brick respectively. 

If water be poured upon a lump of pure quicklime, lime hydrate 
will be formed, while considerable heat will be evolved, the lime will 
expand notable in bulk, and the lump will fall into powder. The chem- 
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ical combination that takes place during this operation is represented 
in a formula by 

CaO + ll 2 0 = Ca0 2 II 2 . 

(F.iiih 1 ) I (Water) =- (Ia me hydrate) 

With absolutely pure lime the amount of water that must be added 
in order to change all of the quicklime into lime hydrate will equal 
32.1 per cent, by weight, of the quicklime. The resulting lime hydrate 
will therefore consist of 75.7 per cent lime (oxide) and 24.3 per cent 
water. Lime hydrate is a fine white powder, with a specific gravity 
of 2.078. 

Effect of impurities present. — The above percentages would only 
hold true in case the burned lumps consisted entirely of quicklime; (CaO). 
Actually we know that this theoretical purity is never attainable on 
a commercial scale. The original limestone always contains silica, 
alumina, iron oxide, etc., in quantities more or less large. The lime- 
stone is, moreover, never perfectly burned, so that some portions of 
unburned lime carbonate will always be present, in the product. 

The presence of those impurities, including silica, alumina, iron 
oxide, and fragments of unburned lime carbonate, operates to reduce 
the amount of water theoretically required for perfect slaking of the 
lime. For example, a perfectly pun* lump of quicklime 100 lbs. in 
weight would require 32.1 lbs. of water for complete slaking. If the 
lump contained 10 per cent of impurities, however, it would require 
only 28.9 lbs. of water. 

Expansion of volume.- The impurities also serve to reduce the 
expansion of volume which t he* lime would otherwise show. A pure 
lime, if slaked by adding the entire quantity of water at once, may 
increase 3.^ times in volume; if slaked gradually, only part of the water 
being added at a time, it will increase much less; while if allowed to 
air-slake its increase in volume will be only about 1.7 times its original 
volume. An impure lime, as above noted, will show less expansion, 
the difference being in diieet ratio to the percentage of impurities. 

The rapidity and intensity of the slaking will also be less with an 
impure than with a pure lime, and the amount of heat evolved during 
slaking will be decreased. 

Effect of the presence of magnesia.— If the lime contain any con- 
siderable percentage of magnesia, slaking will take place more slowly 
and with less evolution of heat, while the expansion of volume will be 
less. In consequence of the slowness of the slaking more care is necessary 
with magnesian than with high-calcium limes in order to insure that 
the product has been thoroughly slaked. 
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Methods of slaking lime in ordinary practice. Who n lime is used 
for making ordinary building-mortar, the common practice is to add 
much more than the amount of water theoretically required. The 
result is not only to slake the lime but to convert the slaked lime into 
a thin or thick paste, according to the amount of water used. When 
ordinary laborers are slaking lime it is evident that this method possesses 
the great advantage of being on the safe side. It is possible that the 
addition of the surplus water weakens the mortar somewhat, but on 
the other hand it insures thorough slaking, or would insure it if even 
reasonably good care were taken during the operation. The trouble, 
however, has been that lime-slaking is not regarded as an art, but as a 
disagreeable necessity, and it is usually carried on by laborers who 
are not even supposed to know’ anything about the subject . 

The result of these conditions is that the slaked lime used in mortar 
rarely even approaches its theoretical efficiency. Either so much 
water has been added that the strength of the product is impaired or 
else the water-supply or mixing has been insufficient and the product 
is not thoroughly slaked. 

A realization of these facts has caused the introduction of ready- 
slaked lime, prepared carefully at the lime-plants. This product is 
discussed in the following chapter under the head of “ Hydrated lime.” 
In its preparation particular care is given to insuring that the product 
shall be thoroughly slaked, and that this slaking shall be done with as 
little water as possible. Several distinct methods of slaking have 
accordingly been devised and are in use at different, lime-hydrating 
plants. 

In ordinary practice, where quicklime is slaked on the work, only 
one general method is followed, though books on construction invari- 
ably list and describe several other methods. The process as actually 
carried out is to form, on a plank floor or on a bed of sand, a circular 
wall of sand. The lime is shoveled into the ring thus formed and 
water is turned on from a hose until the laborer considers the amount 
sufficient. The lime commences to slake more or less quickly accord- 
ing to its composition, and when the process is completed it is covered 
over w r ith a thin layer of sand until required for mortar. 

Use of lime mortars. — Lime is never used alone as a binding mate- 
rial, for it shrinks greatly on drying and hardening, and this shrinkage 
would produce cracks if nothing were added to the mortar to counter- 
act it. In practice sand is always added to lime mortars, the propor- 
tions for ordinary use being from two to four parts sand to one part 
lime paste. 
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The hardening of lime mortars is a simple process, though occa- 
sionally statements of opposite tenor may be found in print. It may 
be accepted as proven that lime mortars harden by simple recarbon- 
ation, the lime gradually absorbing carbon dioxide from the atmosphere 
and becoming, in fact, artificial limestones. As this absorption can 
take place only on the surface of the masonry, the lime mortar in the 
interior of a wall newer becomes properly hardened. In this process 
the sand of the mortar takes no active part. It is merely an inert mate- 
rial, added solely in order to prevent shrinkage and consequent crack- 
ing. In this connection the reader may be referred to a discussion 
on pages 134-130 of the theory of lime-sand brick manufacture. 

Strength of lime mortars.— Few recent determinations have been 
made on this point, as lime is steadily decreasing in importance as an 
engineering material. 

The following tests, made by Mr. George S. Mills of Toledo, Ohio, 
have been recently published.* They are directly related to the point 
under discussion and furnish strong evidence of the superiority of the 
highly magnesian limes. 

The limes tested were made by burning limestones of the following 
composition : 


( 'oust it units 


Silica (SiOd 
Alumina (AML) 

Iron oxide ( F(M),i) 

Lime carbonate (CaCCL) 
Magnesium carbonate (MgCOO 


M agncsiun 

H 

Calc 

mm 

0 45 

n 

d 

0 28 

n 

d 

54 20 

86 

22 

45 06 

9 

27 


The limes resulting from burning the above limestones were slaked, 
mixed with sand in the proportion of one part slaked lime to two parts 
sand by weight, and made into briquettes, which were tested at various 
ages, with the results shown below. The figures given are in pounds 
per square inch and each value represents the average of the tests of 
from four to six briquettes. 

In 1895 a series of experiments f on the strength of lime mortars 
was made by L. C. Sabin in connection with work on the Saulte Ste. 
Marie canal. The results of these tests are given in Table 44, below. 

* Rhinos, G V. Tensile strength of high-calcium and magnesium limes 
Municipal Engineering, vol 28, pp. 4-7 Jan , 1905 

t Report of the Chief of Engineers, U S A , for 1896, pt 5, p. 2839 1896 
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Table 43. 

Tensile Strength of Magnesian and High-calcium Limes (Mills.) 


Arp 

U.gh- 

Cflll 111 111 

Limn 

M TRUPMUII 

1 um.' 

4 weeks 

30 j 


8 “ 

3GJ 

28 J 

3 months 

39 i 

37 i 

3 “ 

39 

51 

6 “ 

505 

S3 

1 year 

4U' 

92? 


In preparing the lime 120 lbs. of water was added to 40 lbs. quick- 
lime, and after a few days the excess water was poured off and the 
paste passed through a 10-mesh .sieve to remove lumps. In the original 
tables the percentages of lime and water in the \ annus lime pastes 
are given. In the following table, however, this has been omitted, 
and the ratio given is that between the sand and the dry quicklime. 

Table 11. 

Strength of Lime Mortars (S\min ) 


Composition, 
Parts by Wright 

Kind *>f Sum! 


No of 

lYn-ilr Strcngt h, 
Pounds per Sipuirc 1 mdi 

[.imp 

Sand 

M i\- 

mum 

Mini- 

mum 

\ \ <*r- 
ngp 

1 

3 

Standard 

28 days 

5 

58 

20 

40 

1 

6 

‘ * 


5 

09 

50 

02 

1 

8 8 

‘ ‘ 

‘ • 

5 

02 

37 

47 

I 

8 8 

Natural, passing 10-mesh 


5 

08 

00 

03 

1 

11 8 

Standard 


5 

54 

30 

39 

1 

17 7 

• ‘ 

‘ ‘ 

p } 

32 

8 

20 

1 

3 

Crushed limestone 

29 dacs 

5 

50 

21 

37 

1 

6 

Screened, 20-40 mesh 


5 

00 

38 

51 

1 

8 8 

“ 20 40 “ 

“ 

5 

70 

55 

04 

1 

8 8 

Natural, passing 10-mesh 


•> 

00 

54 

59 

1 

11 8 

Screened, 20-40 mesh 



08 

52 

50 

1 

17 7 

“ 20-40 “ 


! 5 

48 

10 

43 

1 

3 

Standard 

3 moil tlis 

5 

52 

42 

47 

1 

3 

Crushed limestone 

‘ i 

5 

01 

20 

51 

1 

6 

Standard 

' ‘ 

5 

59 

40 

47 

1 

0 

Screened, 20-40 mesh 

‘ ‘ 

5 

03 

43 

5G 

1 

8 8 

Standard 

‘ ‘ 

5 

00 

40 

52 

1 

8 8 

Screened, 20-40 mesh 


5 

78 

07 

71 

1 

8 8 

Natural, passing 10-mesh 

“ 

5 

87 

58 

67 

1 

8 8 


5 

74 

50 

66 

1 

11 8 

Standard 

“ 

1 

03 

39 

47 

1 

11 8 

Screened, 20-40 mesh 


5 

04 

40 

55 

1 

1 17 7 

Standard 


; 4 

40 

34 

36 

1 

! 17 7 

1 

Screened, 20-40 mesh 


5 

41 

38 

39 
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The hardening of lime mortars is a simple process, though occa- 
sionally statements of opposite tenor may be found in print. It may 
be accepted as proven that lime mortars harden by simple recarbon- 
ation, the lime gradually absorbing carbon dioxide from the atmosphere 
and becoming, in fact, artificial limestones. As this absorption can 
take place only on the surface of the masonry, the lime mortar in the 
interior of a wall newer becomes properly hardened. In this process 
the sand of the mortar takes no active part. It is merely an inert mate- 
rial, added solely in order to prevent shrinkage and consequent crack- 
ing. In this connection the reader may be referred to a discussion 
on pages 134-130 of the theory of lime-sand brick manufacture. 

Strength of lime mortars.— Few recent determinations have been 
made on this point, as lime is steadily decreasing in importance as an 
engineering material. 

The following tests, made by Mr. George S. Mills of Toledo, Ohio, 
have been recently published.* They are directly related to the point 
under discussion and furnish strong evidence of the superiority of the 
highly magnesian limes. 

The limes tested were made by burning limestones of the following 
composition : 


( 'oust it units 


Silica (SiOd 
Alumina (AML) 

Iron oxide ( F(M),i) 

Lime carbonate (CaCCL) 
Magnesium carbonate (MgCOO 


M agncsiun 

H 

Calc 

mm 

0 45 

n 

d 

0 28 

n 

d 

54 20 

86 

22 

45 06 

9 

27 


The limes resulting from burning the above limestones were slaked, 
mixed with sand in the proportion of one part slaked lime to two parts 
sand by weight, and made into briquettes, which were tested at various 
ages, with the results shown below. The figures given are in pounds 
per square inch and each value represents the average of the tests of 
from four to six briquettes. 

In 1895 a series of experiments f on the strength of lime mortars 
was made by L. C. Sabin in connection with work on the Saulte Ste. 
Marie canal. The results of these tests are given in Table 44, below. 

* Rhinos, G V. Tensile strength of high-calcium and magnesium limes 
Municipal Engineering, vol 28, pp. 4-7 Jan , 1905 

t Report of the Chief of Engineers, U S A , for 1896, pt 5, p. 2839 1896 
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small crusher, which reduces it to about \ inch. The product is then 
fed to Sturtevant rock-emery mills, which reduce it so that about 80 per 
cent will pass a 50-mesh sieve. 

A new rotary fine crusher, devised by the Sturtevant Mill Company, 
has also l>ecn used for crushing hydrated lime to \ inch or so. The fol- 
lowing details regarding this crusher are taken from a recent catalogue. 


Tablk 43. 

Sizes, Capacity, etc , of Stchtf.vant Crusher 


Num- 

ber 

Hopper 

Opening, 

Inches 

Approxi- 
mate 
C’upiu it} , 
Tons per 
Hour 

Approxi- s , 

mate 1 „ p , ' 
Horse- 1 1{ t ( ‘ v,>lu - 
power | ,,<m ' 

Pulley 

I )inm- 

eter, 

Pace 

Approxi- 

mate 

Weight, 

Pounds 

I.cligt h 

Width 

Height 

1 

2 

13X18 

20X30 

2 to 0 

8 to 15 i 

l 

o to io : 3oo 

15 to 20 250 

24 X 8 
32X12 

4000 

7500 

(V (>" 
,8' 2" 

3' 2" 
4' 2" 

I 

5' 8" 
G' 10" 


Mixing with water - The next step is the actual slaking, and hero 
considerable differences of practice appear, depending partly on what 

Llni(‘ enters tlih Hour 



Fig 27 — Eldred lime-hydrating system. 

particular type of process is followed. The mixing is commonly 
carried on in a pan with agitators, similar to a familiar form of con- 
crete mixer, or in a horizontal cylinder. All the lime may be added 
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to the water at once, or part may first be mixed with an excess of water 
and then the remainder of the lime added. In the well-known Dodge 
process the first plan is followed. In the Eldred process (U. S. Patent 
721,871), in which the second plan is followed, the average amount of 
lime handled at one slaking is half a ton (1000 lbs.). Of this amount 
about 400 lbs. is first mixed and slaked with 450 to 500 lbs. water, 
and then the remaining 000 lbs. of quicklime is added to the resulting 
paste. A slaking-pan of the Walker & Elliott type is used. 

The Campbell hydrater, shown in Fig. 28, has been successfully used 
at, several lime-hydrating plants. The following data on its size, capa- 
city, power, etc., are taken from a recent catalogue of the Clyde Iron 
Works. 


Tahoe 40. 

Capacity, Power, etc , of Campbell Lime-hyduater 


No 

1 hanieter 
of Pan 

Height 
of Pan 

Capacity 
per lint <n 

Pulley 

Speed, 

R P M 

Weight 

2 

Oft 

0 in 

10 111 

1000 lbs 

0X24 in 

175 

4500 lbs 

3 

10 “ 

() “ 

20 “ 

2000 “ 

0X24 “ 

175 

0800 “ 


The amount of water used will vary with the character of the lime. 
If it is a pure high calcium lime, more water is added than if it contains 
any considerable percentage of either magnesia or clayey matter. In 
one process, for example, 55 lbs. of water is added to each 100 lbs. of 
high-calcium lime, or 80 lbs. water to 100 lbs. magnesian lime. 

Sieving the product . — After slaking the product is usually stored in 
bins for forty-eight hours or so, after which it is ready for use. Before 
packing, however, the coarser particles are removed either by screen- 
ing or through use of an air-separating device. When screens are used, 
a 50-mesh is the common grade, the pitch of the screen surface being 
changed to obtain whatever fineness is required. The Jeffrey Columbian 
Separator, which has been used for this purpose, is described in the table 
below. 


Table 47. 

Details of Jeffrey Separator. 


Number 

of 

Maehine 

Width 

Over All. 

Length 
Over All 

Height 
Over All 

Size of 

Mum Driving 
Pulley 

Speed of 
Main Driving 
Pulley 

Size of 
Screening 
Surface 

0 

7 ft 31 in 

0 ft 111 in 

7 ft 

12 in X4 in 

250 rev. 

4 ft X6 ft. 

2 

11 “ 31 in 

6 “ 111 44 

7 “ 

12 “ X4 “ 

250 “ 

4 “ X6 “ 
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Standards for packing, etc. — At a meeting of the hydrated- 
lime manufacturers of the United States, held m July, 1904, the fol- 
lowing standards for packing and selling the product were adopted.* 

Bags.— A heavy, closely woven burlap or duck bag, containing 
100 lbs., 20 bags to the ton. A paper bag containing 40 lbs., 50 bags 
to the ton. 

Quotations. All quotations art; made including the cost of the 
package, no bulk quotations being made. 

Returned sacks. The bin lap or duck bags will be repurchased from 
the customer at ten cents each when returned to the mill in good con- 
dition, freight, prepaid. 

Terms of settlement.- A discount of 1 per cent will bo allowed for 
cash in ten days, the discount to be taken on the full price, including 
the bags. f. o. b. manufacturer’s plant or shipping-point. Net cash 
thirty days. 

Tost of equipment.- The following estimate of cost of equipment, 
etc., has been furnished by Mr. B. K. Kldred. 


Product per hour 

5 tons 

10 tons 

Cost of plant and equipment. 

$8,000 

$10, (XX) 

Men required for operation 

4-5 

0-8 

Maximum power required 

35 II P. 

50 II P. 

Average power throughout day 

. . . 15 “ 

20 “ 


In estimating the cost, of lime hydrating, it should be recollected that 
the product gains greatly in weight during the process. A ton of quick- 
lime (2000 lbs.) will give from 2400 to 2600 lbs. hydrated lime. 

Tests of hydrated lime. — The following tests of two kinds of hydrated 
lime, while made principally for the purposes of comparing high-calcium 
with magnesian limes, will serve to give an idea of the tensile strength 
of hydrated lime in general. 


Table IS. 

Tensile Strength of Mvovesiw and Non-maonesian Hydrated Lime 


Kind of Limo 

1 Weeks 

S Works 

3 Months 

■4 Months 

t) Months 

Magnesian lime 
Iligh-euleium lime 

8 lbs 

30 1 “ 

17 lbs 

SO. “ 

37 A lbs 

39 i “ 

51 lbs 

39 “ 

K.‘i lbs. 
SO* “ 


Engineering News, vol 31, p 313 June 9, 1901 


The tests above quoted were made by Mr. S. T. Brigham on hydrated 
lime prepared by the Dodge process. The mortar in each case was 
composed of two parts by weight of sand to one part of slaked lime, 
and the results are given in pounds per square inch. 

* Engineering News, vol 52, p 220, Sept 8. 1904 
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Mixture of hydrated lime and Portland cement.-- Anions the most 
interesting features of this new product are the results obtained by 
mixing slaked lime with Portland cement. This mixture has been 
tested by several experimenters, and the Jesuits of the tests are quoted 
and discussed both by Sabin and Thompson m their recent books on 
cements and concretes. The addition of hydrated lime to a Portland 
cement mortar renders it more plastic and easier to work. When this 
addition does not exceed 10 or 20 per cent an actual increase in tensile 
strength seems to be shown. 

List of references on hydrated lime. 

Brigham, S T The manufacture and propel tie, s of hvdiate of lime Engi- 
neering News, vol 50, pp 177 170 Aug 27, 1003 
Brigham, S T. Hydrated lime Engineering News, ^ ol 51, j>p 513 J un e 0 
1004 

Peppel, S. V. Lime expel linents. Roek Products, \ol 3. p 1, p 17 \pril 
May, 1004. ‘ ' ‘ ’ 

Warner, C. Hydrated lime. Engineering News, \ ol 50. pp 320 321 Oet 8 
1003 ' ‘ ' 

Warner, C. Strength tests of mixtures of hydrated lime and Portland cement. 

Engineering News, vol. 50. p 511 Dee 17, 1003 
Warner, C Standards adopted by manufacturers of hydrated lime Engi- 
neering News, \ol 52, p. 220 Sept. S, 1004 

Statistics of hydrated lime. The following data from Mineral 
Resources U. S. will serve* to give* an idea of the growth of this particular 
form of lime: 
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CHAPTER X. 

MANUFACTURE AND PROPERTIES OF LIME-SAND BRICKS 

Tiik term lime-sand brick will be used in this volume to cover 
all bricks made by mixing sand or gravel with a relatively small per- 
centage' of slaked lime, pressing tin* mixture into form in a brick mold, 
and drying and hardening the product, either by sun-heat or artificial 
methods. The general process is not in any way patentable, being 
of very ancient date. Various details of the process may, however, 
be covered by valid patents, such, for example, as on the type of mold- 
ing-press used, on the exact methods and appliances for drying and 
hardening, and on various more or less “ secret ” compounds which 
may be added to facilitate hardening or to increase the final strength 
of the product . 

Early history of the industry. — Though in the past few years the 
“ invention ” of lime-sand brick has boon heralded as a new matter, 
the general process has been employed for many years both in America 
and in Europe. 

The following interesting contemporary account * of the manu- 
facture and use of lime bricks in New Jersey in 1855 incidentally estab- 
lishes the fact that the industry had been known near Philadelphia 
since 1838. 

“Gravel bricks . — A new building material has been introduced in 
Cumberland and some of the' adjoining counties which promises to 
be both cheap and durable. The common clean gravel and coarse 
sand of the country is mixed with one-twelfth its measure of stone lime 
and made into bricks. These bricks are sun-dried and then laid up 
into walls. They are cheap, durable, and but little affected by the 
changes of the seasons. 

“ In making, the gravel is laid on a common mortar bed, and the 
lime, which is slaked and made into a thin putty in a lime-trough, is 
then run on the gravel and the whole worked up into mortar. The 

* Cook, G W , in Second Ann Kept of the Geol Surv of the State of N. J. 
for the year 1855, pp 107- 108 1850. 
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blocks have so far perfected the product as to bring this stone into 
successful competition with the very best of the natural and artifi- 
cial building materials. The action of lime upon silica, forming a 
silicate of lime (ealemakit), and thus binding together particles of 
sand, as in mortar, has been known from the remotest ages, and con- 
crete walls of great antiquity are now standing, vying with the natural 
rock in hardness and durability. Some years since a concrete block, 
compacted by pressure, was brought out in this country and used to 
some extent as a building material, but the slowness of the induration 
and uncertainty in the product hindered its general introduction. 
The improvements referred to consist in the use of heat in connection 
with quicklime and sand, by which the formation of the silicate of lime 
is hastened, and the same effect, which formerly took years to be con- 
summated, is now produced in a few days. Ground quicklime is thor- 
oughly mixed with clean, sharp sand, and is then subjected to the action 
of either superheated or high-pressure steam, which slakes the lime 
and causes it to attack the silica. This process continues for from 
twenty minutes to ten days, according to the degree of heat employed, 
when the material is molded and compressed by a heavy steam-ham- 
mer into blocks of any desired form. The ordinary building-block 
made by this process is 10 inches wide and 4 inches deep, having a 
hollow space in the center 0 inches long by 1 inch broad; when the 
blocks are placed upon each other, so as to break joints, a continuous 
and connected series of air-chambers will be formed within the wall. 
Thirty days’ exposure of the block, after it is first formed, to the air, 
produces an induration quite sufficient for all ordinary building pur- 
poses, but the block continues to harden for an unlimited period. A 
church built entirely of this material was recently dedicated at Morris- 
ania. A number of fine buildings have already been constructed of 
this material in Chicago, among which may be mentioned a handsome 
block of dwellings on Sixteenth Street, and the Young Men’s Christian 
Association of the same city, which was recently burned. The endur- 
ance of this stone when submitted to repeated freezing and thawing 
is quite remarkable, and experiment proves it to be equal in this respect 
to granite.” 

The theory of lime-sand brick.— When ordinary quicklime is slaked, 
mixed with sand, and used as mortar the mixture hardens very slowly 
and never attains much strength. The hardening is due to the fact 
that the slaked lime gradually absorbs carbon dioxide from the atmos- 
phere and recarbonates, forming a sort of artificial limestone. So 
far as known, there is no chemical action between the lime and the 
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sand of the mortar, though occasionally the statement is made that 
with increasing age a certain amount of chemical action does take place, 
resulting in the formation of a certain percentage of lime silicate. This, 
however, is more than doubtful. 

In making lime-sand brick by modern processes, it is claimed by 
its advocates that the lime and sand of the brick do combine to form 
lime silicates, the combination being in this case brought about through 
the action of steam under high pressure. It is also claimed, though 
rather by suggestion than by direct statement, that these lime silicates 
make up a considerable proportion of the entire mass of the brick. 

To the present writer the first claim does not seem to be justified. 
No proofs have been presented that, in the course of lime-sand brick 
manufacture, any chemical combination takes place between the lime 
and the sand. It is undoubtedly true that the treatment with steam 
under pressure increases in some unexplained way the chemical activity 
of the slaked lime; but further than that we cannot go at present. 

The second point, regarding the percentage of lime silicate which 
would be formed if chemical combination of lime and silica took place, 
can be readily settled. The lime and silica might unite in any one of 
three proportions, forming respectively the calcic silicate (CaO-SiOs), 
the dicalcic silicate (20a0-Si02), or the tricaelic silicate (dCaO-SiO^). 
The last of these is the one which is formed during the processes of 
manufacture of Portland cement, and is the hydraulic silicate par ex- 
cellence. In most sand-lime brick literature a similarity between that 
product and Portland cement is suggested, even if not definitely claimed. 
In the little table below the percentage composition of these three lime 
silicates is presented. It will be seen that the tricalcic silicate contains 
73.59 per cent lime to 2G.41 per cent silica, while the proportion of 
lime decreases until it reaches 51.84 per cent in the unicalcic silicate. 

Tablk 50. 

Percentage Composition of Various Lime Silicates 


Compound 

IYr Ont 
CaO 

lVr Out 
SiO, 

CaO SA 

2CaO SiO, 

3CaO • SiO, . 

51 84 

05 01 

73 59 

48 10 

34 99 

20 41 


The bearing of these facts upon lime-sand brick manufacture is obvious 
enough. 
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rock in hardness and durability. Some years since a concrete block, 
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some extent as a building material, but the slowness of the induration 
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summated, is now produced in a few days. Ground quicklime is thor- 
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of either superheated or high-pressure steam, which slakes the lime 
and causes it to attack the silica. This process continues for from 
twenty minutes to ten days, according to the degree of heat employed, 
when the material is molded and compressed by a heavy steam-ham- 
mer into blocks of any desired form. The ordinary building-block 
made by this process is 10 inches wide and 4 inches deep, having a 
hollow space in the center 0 inches long by 1 inch broad; when the 
blocks are placed upon each other, so as to break joints, a continuous 
and connected series of air-chambers will be formed within the wall. 
Thirty days’ exposure of the block, after it is first formed, to the air, 
produces an induration quite sufficient for all ordinary building pur- 
poses, but the block continues to harden for an unlimited period. A 
church built entirely of this material was recently dedicated at Morris- 
ania. A number of fine buildings have already been constructed of 
this material in Chicago, among which may be mentioned a handsome 
block of dwellings on Sixteenth Street, and the Young Men’s Christian 
Association of the same city, which was recently burned. The endur- 
ance of this stone when submitted to repeated freezing and thawing 
is quite remarkable, and experiment proves it to be equal in this respect 
to granite.” 

The theory of lime-sand brick.— When ordinary quicklime is slaked, 
mixed with sand, and used as mortar the mixture hardens very slowly 
and never attains much strength. The hardening is due to the fact 
that the slaked lime gradually absorbs carbon dioxide from the atmos- 
phere and recarbonates, forming a sort of artificial limestone. So 
far as known, there is no chemical action between the lime and the 
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Table 51. 

Effect of Fineness of Sand (Peppel ) 


Composition of Sand Mixture 
by Parts 

Crushing 
Strength, 
Pounds per 
Square Ineh 

1 I 

= *2^ V 
?• 

Coar«e 

Fine 

8 

2 

3111 

131 

4 

2 

2955 

141 

3 

2 

1 i 

2101 

224 


These tests show that the bricks decrease in compressive strength 
and increase in tensile strength as the amount of fine sand in the mix- 
ture increases. These results of themselves appear to be unfavorable 
to the contention of lime-sand brick manufacturers, that the strength 
of their product is due to chemical reactions between the sand and the 
lime. For if this contention were true, the finer sand particles would 
certainly be more active chemically than the coarser grains, and an 
increase in fineness of sand would necessarily mean more extensive 
chemical interaction and consequently greater strength in both com- 
pression and tension. 

Drying the sand. — In order to secure uniformity in the product 
it is desirable that the sand should be dried before mixing with the 
lime. So far this point has not been realized by many manufacturers, 
who are content to use the sand as it comes from the pit — at one time 
practically dry, at another carrying 10 to 15 per cent of moisture. 

As to methods of sand-drying, considerable differences in practice 
exist. In the Schwarz machine, described and figured on page 139, 
the sand is placed in a steam-jacketed drum, the drying being aided 
by revolving paddles which stir up the sand. At a number of plants 
live or exhaust steam is used in pipe-dryers, the sand being shoveled 
on a series of horizontal pipes filled with steam. The best practice is 
probably to use a rotary dryer. At one plant * a direct-heat rotary 
dryer 22 inches in diameter and 22 feet long, set at a slope of about 
J inch to the foot, dries 40 to 50 yards of sand in ten hours with a fuel 
consumption of 700 lbs. coal. At another, a 30-foot dryer set at a slope 
of about | inch per foot, with a fan to induce draft, is handling 40 to 
50 yards sand in ten hours with a consumption of 600 to 800 lbs. coal. 

Necessary properties of the lime. — The lime should be carefully 
and thoroughly slaked, and should be as free from impurities as possible. 
The presence of more than a few per cent of clayey matter or iron oxide 
♦The Clay Worker, vol 42, p 588. 1904 



134 


CEMENTS, LIMES, AND PLASTERS. 


blocks have so far perfected the product as to bring this stone into 
successful competition with the very best of the natural and artifi- 
cial building materials. The action of lime upon silica, forming a 
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Association of the same city, which was recently burned. The endur- 
ance of this stone when submitted to repeated freezing and thawing 
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The theory of lime-sand brick.— When ordinary quicklime is slaked, 
mixed with sand, and used as mortar the mixture hardens very slowly 
and never attains much strength. The hardening is due to the fact 
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phere and recarbonates, forming a sort of artificial limestone. So 
far as known, there is no chemical action between the lime and the 



MANUFACTURE AND PROPERTIES OF LIME-vSAND BRICKS 139 


end. This drum, which has a capacity of about three tons of sand, 
is filled by means of a funnel placed alxwe it. When the drum is 
charged, the interior mixing-blades are set in motion and the contents 
are heated by means of the steam-jacket surrounding the drum. A 
vacuum pump attached to the apparatus removes the steam and air 
from the drum. When the sand has been properly dried the required 




CROSS SECTION A-8 

Fm 29 — Schwarz drying- and mixing-machine 


quantity of finely pulverized lime is introduced into the drum through 
a special aperture and the mixture is again stirred and heated. The 
necessary quantity of moisture is then introduced into the drum in 
the form of water or steam by means of a pipe penetrating the interior 
of the drum. After wetting, the mixture continues to be stirred and 
heated during a sufficient time to allow a preliminary combination of 
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the lime and sand to take place and produce a mixture with sufficient 
tenacity to permit of easy molding.” 

Proportions of mixtures —The slaked lime is mixed with sand in 
the usual proportion of 5 to 10 lbs. of lime to 100 lbs. of sand. Peppel 
experimented on this point by preparing mixtures carrying various pro- 
portions of lime and sand. His results are shown in the following table: 


Table 53. 

KfFKCT OF PKItl’ION r\UK of Lime (Pbpprl ) 
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Trims Amor Oiainie Sn.> , vol puge 1 f of pamphlet ediMon 


The mixture may be accomplished in pug-mills, edge-runner mills, 
wet pans or dry pans. 

Methods of molding. — The mixture is shaped into bricks in a press. 
Peppel states * that a press should fulfil the following requirements: 

“ (1) The press must bo able to regularly deliver a pressure of from 
200 to 250 tons per brick and yet not break down if by accident the 
pressure rises somewhat higher. 

“ (2) The filling of the mold must be accomplished with great accu- 
racy and uniformity. 

“ (3) All working parts must be so arranged that they will be free 
from contact with loose sand, otherwise they will cut out at an alarming 
rate. 

“ (4) The dies and mold linings must be made of the hardest mate' 
rial obtainable.” 

Many presses, both of American and German design, are now on the 
market for use in the lime-sand brick industry. Any machine that will 
press clay brick has power and strength enough to handle lime-sand 
brick, but the new product is so fragile as to require delicate handling 
in taking off the press. 

* Trans. American Ceramic Society, vol 5, pp. 33-35 of pamphlet edition. 
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a special aperture and the mixture is again stirred and heated. The 
necessary quantity of moisture is then introduced into the drum in 
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The hardening cylinder, according to Peppel, should be constructed 
of | to }-inch iron or steel plate. The cylinder is bricked in to prevent 
radiation and has one removable end or head. This head “ should 
be handled by an overhead crane or a block and tackle. Hinged doors 
with a wheel on the bottom and a track for the wheel to run on have 
been used. These are clumsy affairs to move and occupy much space, 
and should never be recommended. The bolts should be so fastened 
to the cylinder that the head can readily be swung into place. These 
bolts are usually lj to 1| inches in diameter.” The cylinder varies 
in length from 35 to 67 feet, and in diameter, from to 7 feet. 

Costs of plant and manufacture. — The following estimates of cost 
of plant and production are given by Peppel: * 

Cost op Plant for 40,000 Brick per Day (Peppel ) 


Land and buddings 

$15,000 

1 wet-pan 

1,000 

1 ball-mill 

.500 

2 presses .... . . ... 

4,400 

2 pug-mills . . .... 

800 

Conveyors 

6,000 

Shafting and belting 

3,000 

1 100-11 P Corliss engine 

2,500 

2 100-11 P boilers 

2,000 

1 25- H P boiler . . 

300 

4 hardening-cylinders 7'X00' 

. . 8,000 

Erecting and insulating cylinders 

1,000 

Pipes for preliminary heating 

1,000 

Railroad tracks, etc . . 

4,500 

$50,000 


(Peppel ) 

$ 11 00 
44 00 
0 75 
5 00 
3 00 
54 00 
2 50 
20 00 
20 00 

$166 25 


Selling expenses, 10 per cent 16 00 

$182 25 

Cost of brick per thousand $4 55 


* Trans Amor Ceramic Soc , vol 4 


Cost of Manufacture, 40,000 Brick 
Sand: 157 cubic yards at $0 07 
Lime: 11 tons at $4 00 .... 

Coal: 3 tons at $2 25 

Repairs 

Oil and grease ... 

Labor: 40 men at $1 35 

Foreman at $2 50 . . 

Office expenses 

Depreciation and interest, 12 per cent 
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the form of water or steam by means of a pipe penetrating the interior 
of the drum. After wetting, the mixture continues to be stirred and 
heated during a sufficient time to allow a preliminary combination of 




144 


CEMENTS, LIMES, AND PLASTERS. 


at GO cents per yard. Another placed the total cost at $3.60 per thou- 
sand, with slack coal at $1.45 per ton and lime at 40 cents per barrel. 
A third, slightly more detailed, gave the following figures for a plant 


of 15,000 capacity. 

Sand and lime $1 10 

Labor 1 75 

Fuel and repairs ... 0 50 

Fixed charges ... 1 00 

Total cost per thousand $4 35 


All of the costs above stated are based on unit prices which have 
since advanced greatly. For use at present, or in future years, the 
results should be corrected by use of the index numbers given on 
pages 6-8 of this volume. 

Composition of lime-sand bricks. — Lime-sand bricks will usually 
range in composition between the following limits: 

Silica (Si0 2 ), alumina (A1 2 0 3 ), and iron oxide (Fe 2 0 3 ) 85 -95 per cent 

Lime (CnO) and magnesia (MgO) 9- 3 “ “ 

Water 6- 2 “ “ 

The bulk composition of the product is therefore a fairly definite 
matter and not subject to discussion. The point concerning which 
there is a definite disagreement is as to the manner in which the above 
constituents are combined in the brick. The more ardent advocates of 
lime-sand brick claim that most of the lime is combined with part of the 
silica as a calcium silicate, and support this contention by presenting 
analyses showing the presence of noticeabl epercentages of soluble silica. 
In the opinion of the present writer this contention is not proven. 

Physical properties of lime-sand bricks. — Lime-sand bricks are 
sufficiently strong, when subjected to direct compressive strains, for all 
ordinary structural purposes. Many of them, however, are very fragile 
and require careful handling both in transportation and on the work. 

The following comparison has been made * by Peppel between 
lime-sand bricks and a series of natural sandstones tested by the Wis- 
consin Geological Survey. 


Table 55. 

Lime-sand Buicks vs Natural Sandstone (Peppel) 


... ! 

I.tmo-siwul 

Bricks 

Natural 

Sandstone 

Weight, per cubic foot. 

Absorption 

Crushing strength per sq. in . . . 
Coefficient of elasticity 

136 lbs 

8 per cent 
7745 lbs 
600,000 

137 lbs 

7 3 per cent 
6535 lbs 
165,440 


* Trans. Arner. Ceramic Society, vol. 5, p 31 of pamphlet edition. 



MANUFACTURE AND PROPERTIES OF LIME-SANI) BRICKS. 145 


The following series of tests show much lower compressive strength 
and higher absorption than those above quoted. 

The tests summarized in the following table were made in 1901 
on lime-sand bricks made on the Huennekes system. 

Table 56. 

Physical Tests of Lime-sand Brick (Pittsberoh Testing Laboratory) 


Crushing 
Strength per 
bquure Inch 

Absorption 
Tost i:> Hours 
in Water 

Per Cent (Inin 

Absorption 
after Freezing 
Test 

Per Cent (Jam 

('rushing 
Strength per 

Si | m re Inch 
n'ter Freezing 

3518 lbs 

11 6 

12 4 

4137 lbs 

4162 “ 

8 57 

8 8 

5202 “ 

3859 “ 

11 3 

11 4 



In making the absorption tests half bricks were used, which were 
dried thoroughly before being immersed in water. After remaining 
in water 45 hours, bricks were frozen 4 hours at a temperature of 14° F., 
then thawed in warm water 12 hours, frozen again at a temperature of 
9° F. for a period of 3-^ hours, thawed in hot water 5 hours, frozen at 
a temperature of 12° F. for 3j hours, and finally thawed in hot water 
for 12 hours. Final absorption test made and then bricks were again 
thoroughly dried. Bricks showed no signs of cracking or disintegration. 

Anot her series of tests of brick made by the Vent nor Concrete Co. 
operating on the Huennekes system, is summarized below. 

Table 57. 

Tests of Lime-sand Bricks (U S Naval Academy ) 

Crushing Size of cube 2"X2"X2,V' 

'lot il Per S<| In 

No 1 12,r»S0 lbs 31 mbs 

No 2 16, 500 “ 1125 “ 

No 3 10,350 “ 2588 “ 


Absorption Immersed 72 hours 




Weight . 

i drums 



Dr\ 

Wet 

Difference 

Per Cent 

No 1 

1211 i 

1337 j 

% 

7 735 

No 2 

| 1270 ! 

1375 

105 

1 2 275 

No 3 

1 1300 j 

1 ! 

1498 

108 

1 7 777 


Approximate size of whole brick 82"X4i' / X2|J" 

Approximate weight of whole brick 5 lbs 14 ounces 


One whole brick and one brick broken in four pieces were soaked 
in warm water and then put in tin cans with sufficient water to cover 
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at GO cents per yard. Another placed the total cost at $3.60 per thou- 
sand, with slack coal at $1.45 per ton and lime at 40 cents per barrel. 
A third, slightly more detailed, gave the following figures for a plant 


of 15,000 capacity. 

Sand and lime $1 10 

Labor 1 75 

Fuel and repairs ... 0 50 

Fixed charges ... 1 00 

Total cost per thousand $4 35 


All of the costs above stated are based on unit prices which have 
since advanced greatly. For use at present, or in future years, the 
results should be corrected by use of the index numbers given on 
pages 6-8 of this volume. 

Composition of lime-sand bricks. — Lime-sand bricks will usually 
range in composition between the following limits: 

Silica (Si0 2 ), alumina (A1 2 0 3 ), and iron oxide (Fe 2 0 3 ) 85 -95 per cent 

Lime (CnO) and magnesia (MgO) 9- 3 “ “ 

Water 6- 2 “ “ 

The bulk composition of the product is therefore a fairly definite 
matter and not subject to discussion. The point concerning which 
there is a definite disagreement is as to the manner in which the above 
constituents are combined in the brick. The more ardent advocates of 
lime-sand brick claim that most of the lime is combined with part of the 
silica as a calcium silicate, and support this contention by presenting 
analyses showing the presence of noticeabl epercentages of soluble silica. 
In the opinion of the present writer this contention is not proven. 

Physical properties of lime-sand bricks. — Lime-sand bricks are 
sufficiently strong, when subjected to direct compressive strains, for all 
ordinary structural purposes. Many of them, however, are very fragile 
and require careful handling both in transportation and on the work. 

The following comparison has been made * by Peppel between 
lime-sand bricks and a series of natural sandstones tested by the Wis- 
consin Geological Survey. 


Table 55. 

Lime-sand Buicks vs Natural Sandstone (Peppel) 


... ! 

I.tmo-siwul 

Bricks 

Natural 

Sandstone 

Weight, per cubic foot. 

Absorption 

Crushing strength per sq. in . . . 
Coefficient of elasticity 

136 lbs 

8 per cent 
7745 lbs 
600,000 

137 lbs 

7 3 per cent 
6535 lbs 
165,440 


* Trans. Arner. Ceramic Society, vol. 5, p 31 of pamphlet edition. 
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Summary of the results of tests. — The throe American series of 
tests above quoted (Tables 56, 57, and 58) were made on samples of 
brick furnished by the manufacturers, and the results of these tests 
are now used for advertising purposes. It seems fair to assume, there- 
fore, that these results are not inferior to the average run, but are, 
on the contrary, probably better than the usual American lime-sand 
brick as found on the market. 

The bricks tested at Charlottenburg, on the other hand,- were prol>- 
ablv selected from marketed products, and are probably fairly repre- 
sentative of the average Gorman product, as it reaches the building 
trade. 

The two sets of results have therefore been averaged separately 
with the results given below. 


'Paulk 00. 

Sr MM VIO OF LlMh-SWI) Bimck Tfsth 



Strong! li. 

Pounds p(-r Si| In 

Ab".n plum, lVi 

r Cent 


Max 

| Mm 


M-ix | Mm 

j Average 

Average 10 American tests ! 

Average 8 ( lerman tests 

4162 

US!) 

2097 

850 

I 3393 

1 21 IS 

12 4 | 2 27.5 
is 3 ; o o 

1 S 89 
j 12 78 


Comparison with clay brick. It will be of interest to compare with 
these the results of a series of tests recently published,* which were 
made in 1903 bv Prof. Woolson on an extensive series of clay bricks. 
The bricks were all made in New .Jersey, and wen 1 fair average samples, 
taken from stock piles. For convenience of reference the bricks have 
been divided into two classes - front brick and common brick — and the 
two classes are separately averaged in the following table. 


Taiilk 01. 

Summary of Clay-hkick Tests (Woolson ) 


('ompres«ive Strength, 
Pounds per Square Inrh 

Atworption, Per Cent 

Max Mm 

\ verage 

Max 

Min 

Average 

Front brick 13,873 5.583 ! 

Common brick 11,0.58, 661 

i i 1 

8805 

3785 

1 

8 61 
15 38 

1 34 

6 89 

4 20 
12 04 


* Vol. 6, Reports N -I Geological Survey Clay Industry, p 2.56 1904 
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Even the common clay brick, therefore, is stronger and denser than 
the lime-sand brick. 

Comparison with sandstone— Lime-sand bricks are frequently com- 
pared, as to physical properties, with natural sandstones. One example 
of such a comparison is given on page 144 of this volume. In the table 
below the results of a large number of tests of natural sandstones are 
summarized. 

Table 02. 


Summary of Tests of Natural Sandstone 



Pounds 

Max 

ressive Str 
per H<juai 

Min 

f'ngth, 

■e Inch 

Average 

Alwor] 

Max 

[>( i on. Per 

Min 

Out 

\\cragc 

45 Wisconsin sandstones 

9 Pennsylvania sandstones 

6 Massachusetts and Connecti- 
cut sandstones 

17 New York sandstones 

1 3,069 
29,252 

16,891 
19, 90S 

1,058 

11,448 

4,945 

4,025 

0,429 

17,225 

12,192 

12,893 

15 22 

2 00 

7 40 


Comparing these results with those on lime-sand brick given in 
Table 60 above, it will be seen that the average natural sandstone is far 
superior in every way to the lime-sand brick. 

Statistics of sand-lime brick industry —In its recent revival the sand- 
lime brick industry in the United Slates dates back only to 1901, in 
which year a plant was established at Michigan City, Indiana. In the 
years immediately following a large number of plants were established in 
various parts of the country; and in 1907 as many as 94 plants were 
Reported in operation, with a total product that year valued at over 
$1,225,000. In the years since then, however, there has been little or 
no increase in annual output; and a marked decrease in number of 
operating plants. The following table, quoted from the annual report 
of the United States Geological Survey, gives data covering this point. 


Output of Sand-lime Brick in United States, 1911 1920 


Year 

Operating 

Plants 

Output Brick, 
Thousands 

Year 

Operating 

Plants 

< hitput Brick, 
Thousands 

1911 

00 

142,963 

1916 

53 

227,344 

1912 

71 

178,541 

1917 

47 

187,546 

1913 

68 

189,659 

1918 

42 

98,399 

1914 

62 

172,629 

1919 

35 

146,947 

1915 

56 

179,643 

1 

1920 

35 

162,289 



PART III. MAGNESIA AND OXYCHLORIDE 
CEMENTS. 


CHAPTER XT. 

SOURCES AND PREPARATION OF MAGNESIA. 

Mac.nesi\, or magnesium oxide (MgO), though possessing very 
marked cementing properties, is at. present too expensive to he used 
as a cementing material for ordinary structural purposes. It merits 
discussion in this volume, however, because («) it is the basis of an 
extensive magnesia brick industry; (/>) under certain conditions it 
possesses hydraulic properties; and (<■) the facts brought out in a descrip- 
tion of the manufacture of magnesia and magnesia brick may serve 
to throw some light on the vexed question of the part played by mag- 
nesia when present in hydraulic cements. 

Sources of magnesia.— Magnesia may be obtained on a commercial 
scale either by burning the mineral magnesite, a natural carbonate 
of magnesium, or by chemical methods practiced on other natural sources 
of magnesium salts such as highly magnesian limestones or even sea- 
water. At present magnesite is by far the most important source of 
magnesia, blit the chemical methods of ext i action may be of service 
under certain commercial conditions. All the sources and methods 
will therefore be considered in the present chapter, magnesite being 
first discussed and then the chemical sources of supply. The chapter 
following will be devoted to consideration of the properties and uses 
of the magnesia, however obtained, and the manufacture and proper- 
ties of magnesia bricks. 

Magnesite as a Source of Magnesia. 

Composition and character of magnesite. -Magnesite occurs com- 
monly as a fine-grained, compact mineral, varying from white to yellow- 
ish in color according to its degree of purity. It is hard and brittle; 
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if cold hydrochloric acid be dropped upon it no action takes place, 
but hot acid causes brisk effervescence. 

In composition it is a magnesium carbonate, corresponding to the 
formula MgC 03 . This is equivalent to magnesium carbonate (MgCOs) 
= magnesium oxide or magnesia (MgO) + carbon dioxide (C0 2 ). Quan- 
titatively, pure magnesite (MgCO.-j) consists of 47. b jkt cent magnesia 
(MgO), 52.1 per cent carbon dioxide (C() 2 ). 

Occurrence and origin of magnesite— Magnesite, when in bodies 
of workable size, occurs commonly in one of three associations, the 
methods of origin of the deposits being different in each case. The 
three types of deposits are: 

(1) Magnesite occurs most commonly in the form of irregular veins 
or pockets in serpentine or other magnesian igneous rocks. In this 
case the magnesite has been formed as a decomposition product arising 
from the decay of the igneous rock. 

(2) Magnesite occurs in the form of beds associated with deposits 
of rock salt, gypsum, etc. In this case the magnesite deposit has 
undoubtedly originated by direct deposition of magnesium carbonate 
from bodies of concentrated saline waters. 

(3) Magnesite also occurs in the form of beds interst ratified with 
shales, limestones, etc. Magnesite deposits of this type are commonly 
ascribed to the replacement of t he lime (in a limestone) by magnesia 
carried in by percolating waters. This may be true in some cases, but 
such deposits may also have originated by direct deposition, as described 
under (2), above. 

Of the magnesite deposits now worked, those of Greece, California, 
Lower California, Venezuela, Silesia and India are ascribed to the first 
mode of origin described above, being in all cases closely associated 
with igneous rocks. The undeveloped deposits described by Gale and 
by Shannon as occurring in Nevada and in Idaho are ascribed to the 
second or clearly sedimentary class. The deposits of Austria, Hungary, 
Czecho-Slovakia, Washington and Quebec are representative of the 
third group, being associated with limestones and metamorphic rocks. 

World production of magnesite.— The magnesite industry of the 
world was completely dislocated by the World War, owing to two fac- 
tors — the cutting off of normal sources of supply, and the direction of 
the products into certain special uses. As neither of these conditions is 
permanent, we have to examine a long series of years in order to get any 
fair idea as to the probable development of the industry in future. 
Working conditions will, become slowly reestablished everywhere; 
freight rates will fall off very much below their war levels; and the uses 
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to which the product is put will be somewhat different, proportionately, 
in time of peace than they were during the war. 

The magnesite output of the world is reported as follows in Min - 
eral Resources U. S.for 1920 , the quantities given being in metric tons. 


Table 03. 

Maunesite Production ok Would, 1913-1920 


Country 

1'tU 

lull 

i«tn 

1910 

l'M7 

1U1S 

1019. 

1920. 

Australia 

7,217 

2,055 

1,815 

4,032 

9,606 

4,157 

9,767 


Austria-Hun- 









gary* 

422,139 

279,651 

78,314 

81,771 

100.783 

t 

t 


Canada 



26,815 

52,387 

57,397 

52,270 

18,908 

29,447 

Greece 

98,517 

136,701 

159,981 

199,481 

102,938 

39,340] 

29,885 


India 

14,457; 

1,707 

7,569 

17,922 

18,493 

5,947 

17,401 


Italy 

ooo 

1,1 to 

9,200 

18,252 

31,070 

28,882 

35,930 


Snam 

958 

583 

1,400 

2, 5(H) 

800 

1,700 

120 


Union of South 









Africa 

403 

519 

569 

553 

709 

750 

929 


United States | 

8,738 

10,245 

27,668 

140,589 

287,429 

210,107 

111,725 

275,571 

Venezuela t 




6,360 

1,700 

1 


2,300 


553,329 432,001 

J 313,331 

523,85()j 676,925 

| 313,105 

254,725 



* Exports computed on basis of 2 1 tons crude to 1 ton sintered 
t Figures not available 
l Figures not verified 


By far the bulk of the total output is applied to one of two broad 
uses- for refractory purposes, particularly in the steel and copper 
industries, and for structural purposes, as flooring, etc. .During the 
war perhaps as much as three-quarters to four-fifths of the total supply 
went for refractory uses; in future the chief development is likely to 
be along the other line, so that we may see half the magnesite output 
applied, in the form of oxychloride cement mixtures, to purely struc- 
tural uses. 

American magnesite deposits. — The deposits now worked extensively 
are in the states of Washington and California, and in the province of 
Quebec. Less important tonnages are shipped from mines in Lower 
California and Venezuela. Deposits are known to exist in other 
regions, notably in British Columbia and Newfoundland. 

California . — The California industry grew up rapidly during the war, 
from a few thousand tons annually to 211,663 tons in 1917. From 
then on it fell off in common with magnesite production everywhere, 
but in the case of California the decrease was accentuated by the open- 
ing of the large deposits in Washington. The total magnesite reserves 
in California are placed at some 1,000,000 tons of commercial ore. 
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The California deposits are scattered along the Coast Range from 
Mendocino County on the north to Riverside County on the south; 
and along the western slope of the Sierra Nevada from Placer County 
to Kern County. The largest deposits are in Red Mountain, south 
of Livermore, Santa Clara County; in Sampton Peak, San Benito 
County; and in the vicinity of Porterville, Tulare County. 

Washington . — The magnesite deposits in Washington are in Stevens 
County, near Valley and Chewelah. These deposits were opened 
originally as marble and serpentine quarries. The discovery that they 
were not calcite marbles but in reality more or less pure magnesites 
was made by the present writer and published in 1912.* Some four 
years later, under stress of war conditions, the discovery was put to 
practical use, and a heavy production has resulted. This reached a 
maximum in 1920, when 221,985 short tons of magnesite were mined 
in Washington. Practically all of this output was calcined locally and 
shipped for refractory purposes. The reserve of ore suitable for refrac- 
tory use is now estimated at around three to four million tons; perhaps 
an equal quantity of lower grade ore exists. 

Quebec . — The magnosite deposits of Quebec arc located in Argenteuil 
County, about midway between Ottawa and Montreal, to the north 
of the Ottawa River. The deposits are of coarsely crystalline mag- 
nesite, closely associated with beds of magnesian limestone, quartzites, 
schists, etc. Wilson estimates ore reserves at over one million toms. 
The deposits were developed during the war, and reached the maximum 
output of 58,090 tons in 1917. 

The Quebec magnesite, as shown by the analyses in table 65, ranges 
low in iron and high in lime. This necessitates the addition of iron ore 
when the product is being sintered to give dead burned magnesia. 

Foreign localities. — The principal European magnesite deposits are 
near Mittendorf, in Styria, and near Tolsvar, in the province of Minsan, 
Hungary. The Styrian magnesite averages about 88 per cent mag- 
nesium carbonate with about 8 per cent of silica, alumina, and iron 
oxide. The Hungarian product is a purer magnesite, carrying 92 to 
95 per cent magnesium carbonate, with 3 or 4 per cent iron oxide. 

In Germany the deposits now worked occur near Kosewitz and 
Frankenstein, in Silesia, and are principally worked in connection with 
the manufacture of carbonic acid. The product will carry about 92 
to 94 per cent magnesium carbonate, the principal impurity being 
4 to 5 per cent of silica. 

The principal Grecian deposits are on the island of Euboea, on the 
* Eckel, E.C , Building Stones and Clays, New York, 1912, p. 84, etc. 
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east coast of Greece, and also near Corinth. The product is a very 
pure magnesite, averaging 95 per cent magnesium carbonate. It is 
low in clayey matter, the principal impurity being 3 to 5 }>er cent of 
lime carbonate. The Grecian dejxisits are worked in primitive fashion 
by pick and shovel. The mines, or quarries, are usually woiked as 
open cuts. As the rock is broken in the mines it is brought to the sur- 
face, where the magnesite is sorted out. It is then loaded into small 
carts and drawn to a narrow-gauge gravity railway, wlnm the mag- 
nesite is loaded into one-ton cars and sent forward to the shipping port, 
usually Kymassi or St. Theodore. The cost of producing the mineral 
is about S3. 50 per ton, transportation charges to the seaport, about 
$1.00, and freight to the United States about $2.50 per ton. (1903.) 


Taulk 04 

Analyses of Magnesite, Calikouni \, Washington, \nd Nevada 



1 

2 | 

,t 

i 


0 

Silica 

0 17 

’on 

0 04 

j 1 75 

0 00 

0 50 

Alumina and iron oxide 

0 SO 

o is ! 

2 10 

0 70 

0 10 

0 30 

Lime (CaO) 

trace 

0 50 

4 25 

trace 

1 to 

0 70 

Magnesia (MgO) 

Carbon dioxide 

43 SO 

! 47 07 

37 10 

It 20 

44 30 

40 90 

15 02 

1 50 00 

40 70 

17 32 

50 00 

51 00 



7 

s 

a 

in 

u 

Silica 

1 SI 

0 SO 

5 70 

11 12 

11 82 

Alumina and iron oxide 

0 os 

0 5S 

1 2S 

0 OS 

0 94 

Lime (CaO) 

1 race 

trace 

1 00 

5 30 

5 00 

Magnesia MgO) 

40 55 

15 70 

42 07 

30 72 

30 40 

Carbon dioxide 

51 25 

10 24 

47 23 

44.15 

43 45 


1 Winchester, ltivorsule County, C'ul 0 Evermore, Mame.la ('minty, C'nl 

2 Idrin, San Benito County, C.v 7, Chili h '.alley, Napa County, Cal 

3, 4 Bissell, Kern Countv, Cal K, Valley, Stevens County, Wash 

5 Porterville, Tulare County, Cal 10,1! Muddy Kivcr, Clink County, Nev. 

Magnesite is found in considerable quantity in southern India, 
about 200 miles from Madras. Dejxysits recently exploited extend 
over 1500 acres. The railroad from Madras to Calicut runs through 
these deposits, near the center of the magnesite area. The material 
can be shipped, in any desired quantity, either from Madras on the 
east coast or from Bey pore on the west coast. As described to the 
present writer by the owner, the magnesite occurs in beds or veins of 
varying thickness, from a few r inches up to several feet, the magnesite 
beds being separated by bodies of disintegrated material. An analysis 
of this magnesite is given in column 1, Table 66. This was made on a 
100-ton sample of crude rock. Another analysis of Indian magnesite, 
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quoted in column 2 of the same table, accompanied a series of speci- 
mens exhibited at the St. Louis Exposition in 1904. 


Table 65. 


Analyses ok Magnesite, Queiiec, Canada 


Insoluble mineral matter 

2 20 

3 08 

2 00 

2 (M) 

0.74 

Iron oxide 

0 13 

0 29 

0 57 

0 50 

0 24 

Alumina 

0 03 

0 35 

1 47 

0 80 

0 36 

Lime 

8 80 

10 (Mi 

5 80 

0 95 

10 05 

Magnesia . . 

39 12 

37 70 

41 31 

40 76 

38.52 

Carbon dioxide 

49.72 

49 39 

49 60 

49 88 

49.86 


Table 66. 

Analyses of Magnesite, Eijiiope and Asia 


Silica (Si() 2 ; 

Alumina (AM),) 

Iron oxide (Fc i 2 () 3 ) 
Lime (CaO) 

Magnesia (MgO) 
Carbon dioxide (CO..) 
Water. . . 


i ! 

- 

•* 

• J 


2 20 

0 22 

0 30 

0 52 

0 52 

0 30 

0 30 

1 62 

trace 

0 08 

0 59 

n d 

n d 

2 25 

2 10 

10 59 

17 35 

10 00 

15 28 

11 96 

19 63 

51 11 

51 23 

51 01 

51 41 

0 83 

0 27 

n d 

0 31 

0 51 





7 

s 

«) 

Silica (Sit ) 2 ) 


1 

0 

1 

(K) 

0 8 

1 5-5 25 

Alumina (AM),) 

Iron oxide (FcMb) 


} :i 0 

6 0 

4 

(M) 

{ n } 

1 5 

Lime (CaO) 


0 28 

1 12 

n 

d 

0 06 

0 6 0 7 

Magnesia (MgO) 


42 81 

15 70 

11 

89 1 

15 12 

10 (MS 0 

Carbon dioxide (CO 2 ). . 


n 

(1 

n 

d 

19.72 

10 0 50 0 


1. 200 miles from Madras, Hutisli India Pnvate connminieation 

2. India Indian Exhibit, Woild’s Fair, St Louis, l'XH 

3. Dept of Ufa. Southern l ials, Hussm "Mineial lndustiv,” vol 10 p ldS) 

4. Mondondi, (Ircoeo F S Consular Reports, No lt>X, 1000. 

6. Euboea, Gieeeo. Froe Inst (’ 10 , vol 112, p dSl 

(l Styria. Proe. Inst (’ 10 , vol 112, p 3S1. 

7 Styria Lain and Mining Jounml, Mnreli 10. 1000 

8 Minsnn, Hungary. Eng and Mining Journal, Mai eh 10, 1900 

S) Frankenstein, SileBia Ling and Mining Journal, Mauh 10, 1000 


Analyses of commercial magnesite. — As magnesite is simply mag- 
nesium carbonate, a theoretically pure magnesite would consist of 47.6 
per cent magnesia (MgO) and 52.4 per cent carbon dioxide (CO L >). De- 
posits of magnesite, however, rarely yield ail}' considerable amount of 
material of this degree of purity, and commercial magnesite may con- 
tain as high as 10 per cent or thereabouts of lime carbonate, silica, 
alumina, iron oxide, etc. 
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east coast of Greece, and also near Corinth. The product is a very 
pure magnesite, averaging 95 per cent magnesium carbonate. It is 
low in clayey matter, the principal impurity being 3 to 5 }>er cent of 
lime carbonate. The Grecian dejxisits are worked in primitive fashion 
by pick and shovel. The mines, or quarries, are usually woiked as 
open cuts. As the rock is broken in the mines it is brought to the sur- 
face, where the magnesite is sorted out. It is then loaded into small 
carts and drawn to a narrow-gauge gravity railway, wlnm the mag- 
nesite is loaded into one-ton cars and sent forward to the shipping port, 
usually Kymassi or St. Theodore. The cost of producing the mineral 
is about S3. 50 per ton, transportation charges to the seaport, about 
$1.00, and freight to the United States about $2.50 per ton. (1903.) 


Taulk 04 

Analyses of Magnesite, Calikouni \, Washington, \nd Nevada 



1 

2 | 

,t 

i 


0 

Silica 

0 17 

’on 

0 04 

j 1 75 

0 00 

0 50 

Alumina and iron oxide 

0 SO 

o is ! 

2 10 

0 70 

0 10 

0 30 

Lime (CaO) 

trace 

0 50 

4 25 

trace 

1 to 

0 70 

Magnesia (MgO) 

Carbon dioxide 

43 SO 

! 47 07 

37 10 

It 20 

44 30 

40 90 

15 02 

1 50 00 

40 70 

17 32 

50 00 

51 00 



7 

s 

a 

in 

u 

Silica 

1 SI 

0 SO 

5 70 

11 12 

11 82 

Alumina and iron oxide 

0 os 

0 5S 

1 2S 

0 OS 

0 94 

Lime (CaO) 

1 race 

trace 

1 00 

5 30 

5 00 

Magnesia MgO) 

40 55 

15 70 

42 07 

30 72 

30 40 

Carbon dioxide 

51 25 

10 24 

47 23 

44.15 

43 45 


1 Winchester, ltivorsule County, C'ul 0 Evermore, Mame.la ('minty, C'nl 

2 Idrin, San Benito County, C.v 7, Chili h '.alley, Napa County, Cal 

3, 4 Bissell, Kern Countv, Cal K, Valley, Stevens County, Wash 

5 Porterville, Tulare County, Cal 10,1! Muddy Kivcr, Clink County, Nev. 

Magnesite is found in considerable quantity in southern India, 
about 200 miles from Madras. Dejxysits recently exploited extend 
over 1500 acres. The railroad from Madras to Calicut runs through 
these deposits, near the center of the magnesite area. The material 
can be shipped, in any desired quantity, either from Madras on the 
east coast or from Bey pore on the west coast. As described to the 
present writer by the owner, the magnesite occurs in beds or veins of 
varying thickness, from a few r inches up to several feet, the magnesite 
beds being separated by bodies of disintegrated material. An analysis 
of this magnesite is given in column 1, Table 66. This was made on a 
100-ton sample of crude rock. Another analysis of Indian magnesite, 
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ciners have been built and a soft lignite coal is used. When calcined, 
magnesite falls into powder and is apt to choke the lower or cooler 
portion of the kiln, preventing the access of air and heated gases to 
the uper portion. The shaft furnaces are constructed to overcome 
this result. The quantity of fuel required is from 15 to 20 per cent 
of the weight of magnesite, equivalent to a fuel consumption of 30 to 40 
per cent on the weight of magnesia produced. In some cases the cal- 
cining is done in a double-hearth reverberatory furnace, where the flame 
is brought into direct contact with the freshly charged magnesite on 
the upper hearth, the operation being completed on the lower hearth, 
which is the hotter of the two.” 

Composition of the product. — The analyses given in Table 67 will 
serve to show the composition of the burned product, which naturally 
varies according to that of the magnesite from which it is made. 


Table 67. 

Analyses of Calcined Magnesite ( = Maonesia) 



i 

2 

3 

i 

5. 

6. 

7 

Silica (Si() 2 ) 

0 98 

0 10 

0 17 

0 50 


1 2 

0 73- 7 98 

Alumina (Al 2 () a ) 

0 10 

0 10 

2 38 



| 13 o' 

0.50- 3 54 

Iron oxide (Fe 2 () a ) 

5 70 

7 40 

5 02 

0 50 

0 90 

Lime (CaO) 

1 88 

2 00 

1 50 

1 70 


7 3 

0 83-10 92 

Magnesia (MgO) 

91 10 

89 30 

90 42 

90 95 

91 50 

77 Oj 

82 40-95 36 

Carbon dioxide (C() 2 ) 

n (1 

n d 

0 40 

n d 

n d 




1, 2 Burned lluiiKuniin miurnoHite Iron \rc, Jan 15, 1903, pp 20, 21 
3, 4 , f> Burned Hungarian magnesite Mineral Industry, vol 10, p 430 
(}. Burned Stvrian (Austrian) magnesite* l’roc Inst C E , vol 112, p 381 
7. Burned Grecian magnesite I’roc Inst C. E , \ol 112, n 381. 

Use of magnesite for preparation of carbonic acid, etc. — California 
practice in the manufacture of carbonic acid from magnesite is described 
as follows in a recent report : * 

“ In the manufacture of carbonic-acid gas, the gas is extracted from 
the magnesite by calcining and the remaining calcined material is sold 
to the manufacturers of wood-pulp paper. The best English coke is 
used for calcining the magnesite. From one short ton of magnesite, 
after removing the gas, they obtain about 1200 lbs. of residue, which 
is partly calcined magnesite still carrying some 20 per cent of gas. In 
the process about 500 lbs. of gas is obtained when finally compressed 
into liquid form. For every ton of magnesite about 500 lbs. of coke 
is burned, and this, containing about 97 per cent of carbon, also fur- 

* Mineral Resources of the U. S for 1903, p 1133 1904. 
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east coast of Greece, and also near Corinth. The product is a very 
pure magnesite, averaging 95 per cent magnesium carbonate. It is 
low in clayey matter, the principal impurity being 3 to 5 }>er cent of 
lime carbonate. The Grecian dejxisits are worked in primitive fashion 
by pick and shovel. The mines, or quarries, are usually woiked as 
open cuts. As the rock is broken in the mines it is brought to the sur- 
face, where the magnesite is sorted out. It is then loaded into small 
carts and drawn to a narrow-gauge gravity railway, wlnm the mag- 
nesite is loaded into one-ton cars and sent forward to the shipping port, 
usually Kymassi or St. Theodore. The cost of producing the mineral 
is about S3. 50 per ton, transportation charges to the seaport, about 
$1.00, and freight to the United States about $2.50 per ton. (1903.) 


Taulk 04 

Analyses of Magnesite, Calikouni \, Washington, \nd Nevada 



1 

2 | 

,t 

i 


0 

Silica 

0 17 

’on 

0 04 

j 1 75 

0 00 

0 50 

Alumina and iron oxide 

0 SO 

o is ! 

2 10 

0 70 

0 10 

0 30 

Lime (CaO) 

trace 

0 50 

4 25 

trace 

1 to 

0 70 

Magnesia (MgO) 

Carbon dioxide 

43 SO 

! 47 07 

37 10 

It 20 

44 30 

40 90 

15 02 

1 50 00 

40 70 

17 32 

50 00 

51 00 



7 

s 

a 

in 

u 

Silica 

1 SI 

0 SO 

5 70 

11 12 

11 82 

Alumina and iron oxide 

0 os 

0 5S 

1 2S 

0 OS 

0 94 

Lime (CaO) 

1 race 

trace 

1 00 

5 30 

5 00 

Magnesia MgO) 

40 55 

15 70 

42 07 

30 72 

30 40 

Carbon dioxide 

51 25 

10 24 

47 23 

44.15 

43 45 


1 Winchester, ltivorsule County, C'ul 0 Evermore, Mame.la ('minty, C'nl 

2 Idrin, San Benito County, C.v 7, Chili h '.alley, Napa County, Cal 

3, 4 Bissell, Kern Countv, Cal K, Valley, Stevens County, Wash 

5 Porterville, Tulare County, Cal 10,1! Muddy Kivcr, Clink County, Nev. 

Magnesite is found in considerable quantity in southern India, 
about 200 miles from Madras. Dejxysits recently exploited extend 
over 1500 acres. The railroad from Madras to Calicut runs through 
these deposits, near the center of the magnesite area. The material 
can be shipped, in any desired quantity, either from Madras on the 
east coast or from Bey pore on the west coast. As described to the 
present writer by the owner, the magnesite occurs in beds or veins of 
varying thickness, from a few r inches up to several feet, the magnesite 
beds being separated by bodies of disintegrated material. An analysis 
of this magnesite is given in column 1, Table 66. This was made on a 
100-ton sample of crude rock. Another analysis of Indian magnesite, 
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ciners have been built and a soft lignite coal is used. When calcined, 
magnesite falls into powder and is apt to choke the lower or cooler 
portion of the kiln, preventing the access of air and heated gases to 
the uper portion. The shaft furnaces are constructed to overcome 
this result. The quantity of fuel required is from 15 to 20 per cent 
of the weight of magnesite, equivalent to a fuel consumption of 30 to 40 
per cent on the weight of magnesia produced. In some cases the cal- 
cining is done in a double-hearth reverberatory furnace, where the flame 
is brought into direct contact with the freshly charged magnesite on 
the upper hearth, the operation being completed on the lower hearth, 
which is the hotter of the two.” 

Composition of the product. — The analyses given in Table 67 will 
serve to show the composition of the burned product, which naturally 
varies according to that of the magnesite from which it is made. 


Table 67. 

Analyses of Calcined Magnesite ( = Maonesia) 



i 

2 

3 

i 

5. 

6. 

7 

Silica (Si() 2 ) 

0 98 

0 10 

0 17 

0 50 


1 2 

0 73- 7 98 

Alumina (Al 2 () a ) 

0 10 

0 10 

2 38 



| 13 o' 

0.50- 3 54 

Iron oxide (Fe 2 () a ) 

5 70 

7 40 

5 02 

0 50 

0 90 

Lime (CaO) 

1 88 

2 00 

1 50 

1 70 


7 3 

0 83-10 92 

Magnesia (MgO) 

91 10 

89 30 

90 42 

90 95 

91 50 

77 Oj 

82 40-95 36 

Carbon dioxide (C() 2 ) 

n (1 

n d 

0 40 

n d 

n d 




1, 2 Burned lluiiKuniin miurnoHite Iron \rc, Jan 15, 1903, pp 20, 21 
3, 4 , f> Burned Hungarian magnesite Mineral Industry, vol 10, p 430 
(}. Burned Stvrian (Austrian) magnesite* l’roc Inst C E , vol 112, p 381 
7. Burned Grecian magnesite I’roc Inst C. E , \ol 112, n 381. 

Use of magnesite for preparation of carbonic acid, etc. — California 
practice in the manufacture of carbonic acid from magnesite is described 
as follows in a recent report : * 

“ In the manufacture of carbonic-acid gas, the gas is extracted from 
the magnesite by calcining and the remaining calcined material is sold 
to the manufacturers of wood-pulp paper. The best English coke is 
used for calcining the magnesite. From one short ton of magnesite, 
after removing the gas, they obtain about 1200 lbs. of residue, which 
is partly calcined magnesite still carrying some 20 per cent of gas. In 
the process about 500 lbs. of gas is obtained when finally compressed 
into liquid form. For every ton of magnesite about 500 lbs. of coke 
is burned, and this, containing about 97 per cent of carbon, also fur- 

* Mineral Resources of the U. S for 1903, p 1133 1904. 
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over again. In the course of the process a loss of 5 to 10 per cent of 
molasses occurs. 

Closson process .— This process is based on the use of magnesium 
chloride, and is therefore of value at points such as Stassfurt, where 
that material is obtainable as a cheap by-product. 

Twenty thousand pounds of magnesium chloride is mixed with the 
lime-magnesia resulting from the calcination of 3000 lbs. of magnesian 
limestone. Water is added to give a thick solution, and mechanical 
agitation is employed. The result is the formation of lime chloride 
and magnesia hydrate. On passing through a filter-press the magnesia 
hydrate is caught on the filter, while the lime chloride passes through 
in solution. The hydrate is washed and then burned, giving one ton 
of magnesia. The magnesia obtained at Horde by this process gave 
the following composition: 

Silica (SiO.) j 

Alumina ( M-O,) 1 1 0r> per cent 

Iron oxide fFcjOj) J 

Lime (CaO) 1 91 “ “ 

M^nesia (MgO) % 90 “ ” 

The lime-chloride solution is then treated for recovery. The mate- 
rial is carried to receptacles like those m which blast-furnace gases 
are washed, except that revolving wheels stir the chloride, making a 
thorough mixture of the gases and the liquid. Two of these recepta- 
cles are placed together back to back. A valve which can be reversed 
sends the gases to either side and thus keeps up a continuous working. 
Into these receptacles, together with tin 1 lime chloride, is put a quantity 
of the lime-magnesia resulting from the calcination of magnesian lime- 
stone. The blast-furnace gases passing through precipitate the lime 
as carbonate, losing their carbon dioxide in the process, and are thus 
rendered more combustible. They dc[K)sit, besides, a considerable 
quantity of the solid materials mechanically carried by them and are 
thus cleaned. Magnesium chloride is reformed, remains in solution, 
ami is drawn off and filtered. The entire process shows a loss of 5 to 
6 per cent of magnesium chloride. 

Sea-water and Brines as Sources of Magnesia. 

Sea-water contains small percentages of different magnesian salts. 
In the manufacture of table salt from sea-water or salt brines, these 
magnesian compounds are incidentally concentrated so as to be put in 
more available form. 
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Extraction of magnesia from sea-water.*— “ Magnesia is made 
out of sea-water, which contains about 4 lbs. magnesium chloride per 
cubic yard of water, on a large scale at Aigues Morts, on the Mediter- 
ranean coast of France. 

“ The sea-water is pumped into a tank made of masonry, and at the 
same time milk of lime is pumped in, in the proportion of 1.5 per cent 
of lime for every 1 per cent of magnesia. From this first tank the 
liquid flows into two other masonry tanks, when thorough mixing is 
effected mechanically. It, is then filtered into shallow excavations 
about 1000 feet long and 16 feet wide, in the bottom of which is a bed 
of clean beach-sand. When enough magnesia has been collected the 
liquid supply is cut. off and the precipitate is allowed to dry. If in 
summer, it is dried in the sun, taking twenty to thirty days, but in 
winter artificial drying is necessary.” The dried magnesia is then 
calcined and treated as explained in discussing the burning of mag- 
nesite (p. 155), and the manufacture of magnesia bricks (pp. 161-163). 

References on magnesite, sources of magnesia, etc. 

Gale, II. S. Magnesite deposits in California, Min. Res. U. S. for 1011, 
vol. 2. 

Gale, II. S. Magnesite near Muddy River, Nevada. Min. Res. U. S. for 
1020, vol. 2 

Hess, F. L. The magnesite deposits of California. Bulletin 355, U. S. Geol. 
Survey, 1008. 

Hoffmann, G. C. Magnesite deposits in Quebec, Canada. Ann. Rep. Canadian 
Geological Survey, vol. 13, Report R, pp. 14-10. 1003. 

Morganroth, L. C. Occurrence, preparation and use of magnesite. Trans. 

Am. Inst. Min. Engrs., Oct., 1014. 

Scherer, R. l)er Magnesit. 256 pp., Vienna, 1008. 

Shannon, E. V. Magnesite in Idaho. Min. Res. U. S. for 1020, vol. 2. 

Vlasto, S. J. The magnesite industry [in Europe]. Engineering and Mining 
Journal, March 10, 1000. 

Weiss, N. Magnesite in Hungary. Iron Age, pp. 20-21. Jan. 15, 1003. 
Wilson, M. E. Magnesite deposits of Argcntcuil County, Quebec. Memoir 98, 
Canadian Geol. Survey. 

* Lock, C G W Economic Mining, p 331. 



CHAPTER XII. 


MAGNESIA BIUCKS AND OX YGHLOIUDE CEMENTS 

Aftkk magnesia (MgO) has been oh< aim'd hv any of the methods 
described m the preceding chapter, it is put to use m two (pnte different 
ways. As the products differ greatly in both composition and use 
they will here be discussed separately under the headings of “ Magnesia 
Bricks " and “ Oxychloride Cements." 


Magnesia Bricks. 

Magnesia bricks, which are commonly but very erroneously called 
magnesite bricks in the trade, are largely used as furnace linings, etc., 
and have also been used to a small extent as linings for Portland-cement 
kilns. 

Manufacture of magnesia bricks.— In discussing the methods and 
effects of calcining magnesite it was stated that two different forms 
of magnesia could be obtained, according to the temperature at which 
the calcination is carried on. If the magnesite be burned at a light- 
red heat, * he resulting magnesia will have a low specific gravity (3.00 
to 3.07), will possess sufficient plasticity to bo capable of being molded 
into shapes, and will gradually absorb water and carbon dioxide from 
the atmosphere, just as quicklime would do. The result of this absorp- 
tion is that this form of magnesia will finally become partly reearlwiiftted. 

If the calcination takes place at a higher temperature, however, 
the resulting magnesia will be heavy, with a specific gravity of 3.G1 
to 3.80; it will be absolutely devoid of plasticity; and it will not recar- 
bonate on exposure to the atmosphere. 

These differences in the physical and chemical properties of the 
two forms of magnesia are taken advantage of in the manufacture of 
magnesia bricks. Each contributes certain good qualities to the brick. 

Magnesia bricks are made of a mixture of the two forms of mag- 
nesia, in the proportions of four to six parts heavy magnesia to one 
part light magnesia. The dense, chemically stable “ heavy magnesia " 
is thus the base of the brick; the light magnesia is added to give plas- 
ticity to the mixture, enabling it to be molded, and also to harden on 
exposure to the atmosphere. 
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From 10 to 15 per cent of water is added to this mixture, and the 
resulting stiff paste is pressed into form in iron molds. The brick will 
gradually harden on simple exposure to the air, after which it is usually 
made still more resistant by reburning at a low red heat. Bricks or 
other objects made in this manner may, if not sufficiently solid for the 
use for which they are intended, be hardened by dipping into a cold 
dilute solution of boracic acid in water. After this they should be 
dried and reburned. 

Composition of magnesia bricks. 


Table 69. 

Analyses of Magnesia Bricks. 



l 

2 

3 

4 

6 . 

6. 

Silica (Si0 2 ) 

0 35 

3 45 

3 10 

3 4 

3 2 

2 16 

Alumina (A1 2 0 3 ) 

Iron oxide (Fe a ()j) 

6 05 

1 30 

7 60 

| 6 64 

JO 98 
15 1 

0 69 

0 3 

1 0 72 

Lime (CaO) . 

2 10 

3 90 

3 76 

2 8 

1 9 

4.20 

Magnesia (MgO) 

Carbon dioxide (C() a ) 

01 52 

83 00 

86 50 

87 8 

0 04 

93 88 

0 14 

93.93 

. 


1. Brick iniulo from IhuiKurmn nnimnositc Mineral Industry, vol 10, p 130. 

2. “ " " Nt\riun “ “ “ vol 10, p 430 

3. “ “ " “ “ Tran.i Am I nut Min Engra , vol. 26, p 268. 

4 “ “ “ “ Mineral Industry, vol. 10, p 430. 

5. “ “ " (Jrecian “ “ “ vol 10, p 430 

0. “ “ “ “ “ Trans Am Inst Min Engra , vol. 26, p. 208. 

Physical properties of magnesia bricks. — The brick * whose analysis 
is given in column 3 of Table 69 was made in Pittsburgh from Styrian 
magnesite. Its specific gravity was 3.44, equivalent to a weight of 
160.9 lbs. per cubic foot. The brick whose analysis appears in column 6 
of the same table was made from Grecian magnesite. Its specific 
gravity was 3.54, corresponding to a weight of 170.2 lbs. per cubic foot. 

lie Chatclicr tested two kinds of magnesite bricks (Austrian and 
Grecian) for expansion with increase of temperature, obtaining the 
results quoted in Table 70. The expansion given are in millimeters 
for a bar 100 mm. in length, and are therefore equivalent to per- 
centages. 

Table 70. 

Expansion of Magnesite Bricks on Heating (Le Chatelier.) 



200° c 

400° O 

600° C 

800° C. 

Austrian magnesite brick 

Grecian magnesite brick 

mm 

0 21 i 
0 25 

mm 

0 55 

0 52 

rnrn 

0 85 

0 79 

mm. 

1.10 

1 02 


* Trans. Am Inst Min Engrs., vol. 26, p. 268. 
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References on magnesite bricks. — The following papers contain data 

regarding the manufacture and properties of magnesia bricks. 

Bischof, C. On magnesia bricks. Proc. Inst. Civil Engineers, vol. 112, 
pp. 381-383. 1893. 

Egleston, T. Basic refractory materials. Trans. Amer. Inst. Mining Engi- 
neers, vol. 4, pp. 455-492. 1876. 

Pennock, J. D. Lalx>ratory note on the heat-conductivity, expansion, and 
fusibility of firebrick. Trans. Amer. Inst. Mining Engineers, vol. 26, 
pp. 263-269. 

Percy, J. Magnesia crucibles and bricks. Metallurgy, vol. 1, pp. 134-137. 
1875. 

Vlasto, S. J. The magnesite industry. Engineering and Mining Journal, 
March 10, 1900. 

Weiss, N. Magnesite in Hungary. Iron Age. Jan. 15, 1903, pp. 20-21. 

Anon. Magnesite [and magnesia brick]. Mineral Industry, vol. 10, pp. 438- 
439. 1902. 


Oxychloride Cements. 

In 1853 the chemist Sorel discovered that zinc chloride, when mixed 
with zinc oxide, united with it to form a very hard cement. Later it 
was discovered that the same held true of a mixture of magnesium 
chloride and magnesia. The product in both cases is the same— an 
oxychloride of zinc or magnesium respectively. Chlorides and oxides 
of several other elements possess this same property, but it has been 
utilized commercially only in the ca^es of the zinc and magnesium com- 
pounds. Of these, zinc oxychloride is oxtonsivclv used as a stopping 
by dentists. Magnesium oxychloride, called commonly Sorel cement 
or magnesia cement, has more important technical uses. 

SorePs magnesia cement is made by mixing calcined magnesia with 
a solution of magnesium chloride of 25° or 30° Baume. If t her magnesia 
has been prepared from magnesite, it usually contains a little residual 
carbon dioxide (0(E), and though setting very rapidly and giving a 
very strong cement, cracks are apt to develop during setting. When 
made from magnesium chloride (see p. 159) the magnesia is free from 
carbon dioxide, and though it sets and hardens less rapidly, no cracks 
appear. 

The commercial magnesium chloride used in the preparation of 
Sorel stone, etc., usually contains sulphuric acid. As this acid and 
its compounds spoil the appearance and the durability of the stone 
produced, it is eliminated from the magnesium chloride by treatment 
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with barium hydrate or barium carbonate. In practice,* the magnesium 
chloride is dissolved in water to form a solution of 20° to 25° Baum<<, and 
the barium hydrate or carbonate is added by degrees and carefully 
stirred until the precipitate of barium sulphate ceases to increase. 
The amount of reagent required is usually between () and 10 per cent of 
the weight of the magnesium chloride treated. 

Magnesia cement is used very extensively t as a binder, in connection 
with briquetting, in the manufacture of artificial building-stones, tiles, 
grindstones, and emery- and polishing-wheels. Its binding quality is 
very considerable, and it is very plastic and cheap. A good mixture 
for this use consists of 25 parts of magnesium chloride (45 per cent 
solution), 25 parts magnesia (05 per cent. MgO), and 50 parts water. 
About 5 lbs. of this mixture will serve to cement. 05 parts of stone, 
emery, etc. The resulting blocks are very solid and harden thoroughly 
within a few hours. 

Gillmore, in 1871, prepared a report on certain American patented 
products based upon Sored cements. As this report is still the only 
complete discussion of the subject it is reprinted below, almost verbatim. 

“ The several steps in the process, beginning with the raw magne- 
site, are briefly as follows, viz.: 

“ First. The magnesite is burnt in ordinary lime-kilns, at a dark 
cherry-red heat, for about twenty-four hours. The result is protoxide 
of magnesium, which is next ground to fine powder between horizontal 
millstones, furnishing what the Union Stone Company style ‘Union 
cement.’ 

“ Magnesite has been procured from various localities. That from 
Greece, California, Maryland, and Pennsylvania contains about 95 
per cent of carbonate of magnesia, the residue being mostly insoluble 
silicious matter. The burnt product is perfectly white. A magnesite 
is procured in Canada which contains from (>() to 85 per cent of car- 
bonate of magnesia. A variable percentage of iron in the residue gives 
the cement derived from this stone a reddish tint. 

“ Second. For making stone, the burnt and ground magnesite 
(oxide of magnesium) is mixed dry in the proper proportion with the 
material to be united; that is, with powdered marble, quartz, emery, 
silicious sand, soapstone, or with whatever substance forms the basis 
of the stone to be imitated or reproduced. 

“ The usual proportions are: for emery-wheels, 10 to 15 per cent of 

* Journ Soc. Chem Industry, vol 21, p 257 1902. 

t Schorr, R. The briquetting of minerals Eng and Mining Journal, vol. 74, 
p. 673. 1902. 
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oxide of magnesium by weight ; for building-blocks, such jus sills, lintels, 
steps, etc., 6 to 10 per cent, jtnd for common work for thick walls, less 
than 5 per cent. 

“ The dry ingredients are mixed together by hand or in a mill. A 
hollow cylinder revolving slowly about its axis would answer the 
purjtose. 

“ Third. After this mixing they are moistened with chloride of 
magnesium, for which bittern water — the usiuil refuse of seaside salt- 
works is a cheap and suitable substitute. The moistened material 
is then passed through a mill, which subjects it to ji kind of trituration, 
by which each grain of sand or other solid material becomes entirely 
coated over with a thin film of the cement, formed by a combination of 
the chloride' with the oxide of magnesium. The bittern water is required 
to be of the density of from 15° to .*10° Baume. The mass on emerging 
from the mill should be about jis moist ns mnldcr’s clay. The mixing- 
machine used by the Union Stone Company is an improved pug-mill 
invented by Mr. Josiah S. Elliot t. It, is represented as an excellent 
mill, doing its work thoroughly. 

“ Fourth. The mixture is formed into blocks by ramming or tamping 
it in strong molds of the required form, made of iron, wood, or plaster, 
precisely as described in paragraph 21, Report, on Beton Agglomfod. 
The block may bo taken out of the mold at once and nothing further 
need be done to it. The setting is progressive and simultaneous through- 
out the mass, ;is with other hydraulic cements, and requires from one 
hour to one dav, depending somewhat on (Ik* chemical properties of 
the solid ingredients used, the carbonates as ji rule requiring a longer 
time than the silicates. 

“ Building-blocks will bear handling, and may be used when three 
or four davs old, although they do not attain their maximum strength 
and hardness for several months. Emery-wheels are not allowed to be 
used in less than four weeks. 

“ This stone so closely resembles the natural stone, whether marble, 
soapstone, sandstone, etc., from which the solid ingredients are obtained 
by crushing and grinding, that it is difficult, without the application 
of chemical tests, to detect any difference in either texture, color, or 
general lithological appearance. 

“ Strength . — In strength and hardness this stone greatly surpasses 
all other known artificial stones, and is equaled by few, if any, of the 
natural stones that are adapted to building purposes. The artificial 
marble takes a high degree of polish, being in this espect fully equal to 
the best Italian varieties. 
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44 Some trials of 2-inch cubes at the Boston Navy-yard gave the 
following results, reduced to the crushing pressure upon one square inch: 


No. 1, crushing strength per square inch . 7, 187 § lbs. 

No 2, 44 “ 41 44 44 II, 562 1 “ 

No 3, 4 4 4 4 4 4 4 4 4 4 21,5621 44 

No. 4, 44 4 4 4 4 4 4 4 4 7,343 £ 44 


44 In none of these samples did the proportion of the oxide of mag- 
nesium exceed 15 per cent by weight of the inert material cemented 
together. This statement is derived from the treasurer of the company. 

44 The principal business of the Union Stone Company up to the 
present time has been the manufacture of emery-wheels. The great 
tensile strength of the material may be inferred from the fact that in 
the proof trials the wheels are made to revolve with a velocity of from 
2 to 5 miles per minute at the circumference. They do not usually 
begin to break until a velocity of from 4 to 5 miles per minute is attained. 

44 From a number of specimens of this stone furnished the writer 
by the treasurer of the company, who also gave their age and com- 
position as reported below, comprising coarse and fine sandstone of 
various shades of color, hones, white and variegated marble, emery- 
wheels, billiard-balls, concrete building-blocks, etc., some small blocks 
were prepared and subjected to crushing with the results given in 
Table 71. 


Table 71. 

Compressive Strength of Sorel Stone. 


Character of (ho Inert 
Materials. 

Proportion bv 
Weight, of 
Oxide of 
Magnesium 

1 

Arc of 
Blocks 

Size of Blocks. 

Total 

Crushing 

Strength 

Crushing 
Strengt n 
per 

Square 

Inch 


Per Cent 





Lbs 

Lbs 

1. Coral sand . 

12 

1 year 

2" 

X2J' 

'XU" 

26,500 

6,235 

2 Pulverized quartz 

3. Washed flour of 

12 to 15 

1 “ 

H' 

'X2" 

XU" 

20,000 

7,272 

emery (a piece of 
hone) . 

Not known 

2 years 

U' 

'X2" 

XU" ^ 

54,000 

19,636 

4 Fine marble 

15 

3 44 

W 

'xiu 

'xir i 

26,000 

11,555 

5. Mill-sweepings. 

12 to 13 

9 months 

iv 

'X2" 

xir 

23,000 

6,133 

6 Marble and sand 

7. Marble with colored 

12 

2 years 

It' 

'X2" 

xir 

16,000 

4,923 

veneer 

Not known 

Not known 

11' 

'XU' 

'XI" 

12,000 

7,680 


44 Durability . — The proofs of the durability of the Union stone reqf-s 
upon other evidence than that furnished by severe and prolonged climatic 
exposure. In Boston, however, building-blocks have resisted two 
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winters, and at the present time appear to he, and doubtless are, harder 
and stronger than before they were touched with frost. 

“ Dr. C. T. Jackson, State Assaver of Massachusetts, reports upon 
it as follows: 

“ 1 1 find that the frost test (saturated solution of sulphate of soda) 
has not the power of disintegrating it in the least. The trial was made 
by daily immersions of the stone in the sulphate-of-soda solution fora 
week and allowing the solution to penetrate the stone ns much as pos- 
sible and then to crystallize. From this test it is evident that your 
stone will withstand the action of frost more perfectly than any sand- 
stone or ordinary building stone now in use. I see no reason wh}' it 
will not stand as well as granite.' 

“ A perfect resistance to the freezing and thawing of one winter may 
safely be accepted as conclusive evidence of the durability in the open 
air of an artificial stone of which the matrix is any kind of hydraulic 
cement. At no subsequent period will it lie as likely to fail, from freezing 
and thawing, as during the first winter. A stone suitable for all kinds 
of building purposes on land might, however, fail under the solvent 
action of sea-water. On this head it can be said that magnesian com- 
pounds are understood to resist the immersion in the sea better than 
the compounds of alumina or lime. 

“ For these reasons this new stone has, with some exceptions, been 
limited in its application to articles of small bulk and great comparative 
value, for which other approved and less expensive artificial stone is 
either not suitable or of less practical value. Although for architectural 
ornaments of elaborate design it is perhaps less costly, even now, than 
granite or marble, it cannot hope to compete successfully for general 
adoption and use by engineers and architects with the lV‘ton agglornlrd 
and the softer kinds of natural stone until the market price of the oxide 
of magnesium is greatly reduced. For the peculiar purposes to which it 
is adapted, it supplies what has heretofore been felt as a great want, 
and in this field, which is neither nanw nor unvaried, it has no promi- 
nent rival. 

“ The following formula has been found suitable for window-caps, 
sills, steps, etc. The quantities specified will make 1 cubic foot of 


stone. 

100 pounds of beach sand, cost $1 00 per ton at the works $0 05 

10 “ of comminuted marble, cost $5 00 per ton at the works 0.02J 

10 " of Union cement (oxide of magnesium) 0 50 

10 11 of chloride of magnesium in solution, 20° Baum6 0 02 


130 pounds yielding 1 cubic foot of molded stone I0.59J 
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“ The labor, depending somewhat on the design as regards the degree 
and character of its ornamentation, will vary per cubic foot from 20 
to 25 cents, making total cost of 1 cubic foot of finished building-block 
79 J to 84 \ cents. This price may be reduced 10 to 15 cents per cubic 
foot by incorporating large pebbles and small cobble-stones during 
the process of molding. 

“ For foundations and other plain, massive walls, the proportion 
of cement may be very considerably reduced and the quantity of cobble- 
stones increased.” 

Recent practice. — Flooring cement. The utilization of oxychloride 
cements for both flooring and stucco has extended so remarkably since 
the first edition of this book was prepared that it seems advisable to 
include several sets of formulae and instructions recently published on 
these points. 

(1) Foreign practice in the home of the European magnesite in- 
dustry is probably typified by the formulae given by Scherer in his book 
on magnesite. These formulae, for flooring cement, are as follows:* 

Mixtures for the Underlying or ( ’darker Layer. 

I Parts by weight, ] 


1. 15 parts magnesia. 

10 parts magnesium chloride solution, 20° Bailing. 
10 parts moist sawdust. 

(Sets in 86 hours.) 

2. 10 parts magnesia. 

10 parts magnesium chloride solution, 28° Baum£. 
5 parts sawdust. 

(Sets in 16 hours.) 

3. 20 parts magnesia. 

15 parts magnesium chloride solution, 20° Baum<5. 

4 parts ground cork. 

(Sets in 24 hours.) 

4. 5 parts magnesia. 

3 parts magnesium chloride solution, 20° Baumtf. 

5 parts ashes. 

(Sets in 24 hours.) 

* Min Res U S for 1913, vol 2, p 453. 
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Mixtures for Overlying or Surface Layers. 

[Parts by weight ] 

1. 40 parts magnesia. 

33 parts magnesium chloride solution, 19° BaumC 
10 parts asbestos powder. 

5 parts wood flour. 

1 part red ocher. 

(Sets in 24 hours.) 

2. 25 parts magnesia. 

25 parts magnesium chloride, 21° Bailing. 

4 J parts wood flour, impregnated with l) parts Terpentin- 
harzlosung. 

15 parts yellow ocher. 

(Sets in 30 hours.) 

The magnesia referred to by Scherer is of course* the light-burned 
or caustic magnesia, not tin* dead-burned type. This remark holds 
true equally for all the following formulae for either flooring cement 
or stucco. 

(2) 1 he following specifications for magnesite cement are furnished 
by P. H. Bates, Bureau of Standards, Department of Commerce: 

Tarlk 72. 

M\(iN'KSITK Fl.OOHINO COMPOSITION 

Per ( ’cnl l>\ \V< itflu 
l op ( \>»t | 1 ndcr foul 

15 ! 40 

15 25 

5 0 

10 10 

10 10 

15 15 

Of this mixture 90 per cent should pass a 100-mesh sieve, and 85 
per cent of magnesium oxide and 90 per cent of silica should pass a 
200-mesh sieve. After thoroughly mixing this dry material it should 
be wet with a 22° Bauml solution of magnesium chloride. 

(3) Some years ago Concrete published * a formula, with instructions, 

* Concrete, Jan 1916, page 35 


Magnesium oxide 
Wood flour 
Asbestos 
Color 

Kaolin, talc, or kieselguhr 
Silica . . 
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covering the use of magnesia flooring cement as practiced by the 
Aberthaw Construction Co., of Boston. These data are as follows: 

The following formula has been used with very good success: 

10 pounds calcined powdered magnesite. 

5 quarts to 7 quarts fine sand. 

2 quarts to 3 pounds white talc. 

6 quarts to 7 quarts “ combined liquid." 

The so-called “ combined liquid " mentioned in this formula con- 
sists of magnesium chloride dissolved in clear water to a consistency of 
22° to 24° Baum6 in summer, and from 24° to 26° Baum(^ in winter 
and magnesium sulphate solution of 15°. To the magnesium chloride 
a 10% of magnesium sulphate solution is added to produce the “ com- 
bined liquid." This liquid is boiled and skimmed before using. The 
dry materials are mixed thoroughly and the “ combined liquid " solu- 
tion added and slowly and carefully mixed so that the fiber and other 
materials will not become separated. 

If a colored floor is desired, approximately 10% coloring mineral is 
added for red, brown or buff, and from 1% to 4% black for gray or 
black work. The colors arc thoroughly mixed with the dry materials 
before adding the “ combined liquid." 

In laying a composition floor, so-called, on a concrete base the base 
should first be painted with a mixture of the combined liquid and mag- 
nesite after ascertaining that the base is thoroughly dry and clean. 
Over this the mixture is spread, making a floor from f inch to \ inch 
thick. This gives a splendid wearing surface. 

The mixture, in a pasty condition, is gradually worked out upon the 
floor to a proper thickness for using a straight-edge. The amount 
specified in the formula will cover 10 square feet of floor space f inch 
thick. When the mixture has been properly spread and leveled, it is 
treated like a regular cement finish or top dressing, that is, when suffi- 
ciently set, it is worked with a trowel to a smooth surface. 

In laying border floors, white pine strips are used to lay out the 
border. Inside this form the center panel is cast in any desired color. 
When this center panel has set sufficiently the pine strips are removed 
and the border cast in another color. 

Recent practice : stucco. — The following data * cover recent develop- 
ments along the line of using magnesia cements as stucco or wall 
coatings: 


* Min Res. U. S. for 1920, vol 2. 
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Mixtures for Overlying or Surface Layers. 

[Parts by weight ] 

1. 40 parts magnesia. 

33 parts magnesium chloride solution, 19° BaumC 
10 parts asbestos powder. 

5 parts wood flour. 

1 part red ocher. 

(Sets in 24 hours.) 

2. 25 parts magnesia. 

25 parts magnesium chloride, 21° Bailing. 

4 J parts wood flour, impregnated with l) parts Terpentin- 
harzlosung. 

15 parts yellow ocher. 

(Sets in 30 hours.) 

The magnesia referred to by Scherer is of course* the light-burned 
or caustic magnesia, not tin* dead-burned type. This remark holds 
true equally for all the following formulae for either flooring cement 
or stucco. 

(2) 1 he following specifications for magnesite cement are furnished 
by P. H. Bates, Bureau of Standards, Department of Commerce: 

Tarlk 72. 

M\(iN'KSITK Fl.OOHINO COMPOSITION 

Per ( ’cnl l>\ \V< itflu 
l op ( \>»t | 1 ndcr foul 

15 ! 40 

15 25 

5 0 

10 10 

10 10 

15 15 

Of this mixture 90 per cent should pass a 100-mesh sieve, and 85 
per cent of magnesium oxide and 90 per cent of silica should pass a 
200-mesh sieve. After thoroughly mixing this dry material it should 
be wet with a 22° Bauml solution of magnesium chloride. 

(3) Some years ago Concrete published * a formula, with instructions, 

* Concrete, Jan 1916, page 35 


Magnesium oxide 
Wood flour 
Asbestos 
Color 

Kaolin, talc, or kieselguhr 
Silica . . 



PART IV. HYDRAULIC LIMES, SELENITIC LIME, 
AND GRAPPIER CEMENTS. 


CHAPTER XIII. 

THE THEORY OR HYDRAULIC LIMES 

Before taking up the manufacture and properties of the various 
closely allied products — hydraulic limes, selenitic limes, and grappier 
cements —which are to he discussed in lids part of the volume, it seems 
desirable to devote some space to a consideration of the general prin- 
ciples on which the manufacture and use of these products are based. 

The materials heretofore discussed in this volume — the plasters, 
common lime, magnesia, etc. —have been simple in both composition 
and action. With the hydraulic limes, however, we take up the first 
member of a great, class of very complex products. All these products 
possess hydraulic properties. In composition, they further agree in 
that they all consist essentially of silica, alumina, and lime, with or 
without magnesia and iron oxide. This group of complex cementing 
materials includes the hydraulic; limes, the natural cements, the Port- 
land cements, and the puzzolan cements. These four classes are quite 
distinct commercially, but it is at times difficult to draw the dividing 
line between the classes in words. Before defining the class of 
“hydraulic limes” it will therefore be well to explain the principal 
criterion which will be employed in drawing up that definition. This 
criterion is the “ Cementation Index,” a more satisfactory form of the 
older “ hydraulic index.” 

The “ Hydraulic Index.” — In discussing the classification of cement- 
ing materials, in the introduction to this volume, the statement is 
made that the power of setting under water, possessed by the hydraulic 
limes and cements, is due to the formation of compounds of silica, alu- 
mina, and lime during the manufacture of the cementing materials 
in question. This being the case, it is a fair assumption * that the 

* Strictly speaking, this statement is based on more than a mere assumption; 
but as a matter of convenience discussion of the reasons for it will be deferred to 
later chapters 
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degree of hydraulic activity and the strength of any given cementing 
material will he related, in some way, to the proportions in which it 
contains these ingredients (silica, alumina, lime, etc.), and to the man- 
ner in which they are combined. 

It is obvious that it would be of great value to both manufacturer 
and engineer if we could devise some method for quantitatively express- 
ing this relation between the composition and the hydraulic value of 
any given sample of cementing material. Several methods of doing 
this have been suggested and used bv various authorities. 

Of these methods of expression, the one that has come into most 
general use is based upon the calculation of tin* “ hydraulic index.” 
The “hydraulic index,” as usually defined, is tin* ratio between the 
percentage of silica plus alumina to the percentage of lime (CaO). A 
hydraulic lime, for example, such as that from Metz (Analysis No. 2, 
Table 76), containing 18.47 per cent silica, 5.73 per cent, alumina, and 
68.19 per cent lime would therefore have for it* hydraulic index 


18 47 + 5 73 21 20 


68 19 


68 19 


0 355 (Hydraulic Index) 


The “hydraulic index,” calculated in this manner, is then used 
as a basis for classifying cementing malenals according to their hydraulic 
activity. The following grouping, which is substantially that given 
by Spalding,! is an example of this: 


H\ Ir.tulir Index 

Less than 0 10 
0 10 to 0 20 
0 20 “ 0 10 
0 40 ‘ 4 0 IK) 

0 00 44 1 50 

1 50 4 4 3 (K) 

3 00 


I'ruilm t 

Common lime, pmi'klime 

Feebly hydraulic limes 

Eminently hydraulu* limes 

Portland cement (if burned at high temperature) 

Natural cements 

Weak natural cements 

Puzzolanas, etc 


The “ hydraulic index ” calculated and used in this fashion is 
certainly better than nothing, but it, possesses defects which render 
it valueless in dealing with certain classes of cements. These defects 
arise chiefly from the facts that in calculating the “ hydraulic index ” 
(1) no allowance is made for the action of either magnesia or iron oxide, 
and (2) the assumption is made that silica and alumina are quanti- 
tatively interchangeable, i.e., that 10 per cent of silica will have exactly 
the same effect as 10 per cent of alumina. 

These defects have led the writer to abandon the use of the “hydraulic 
f Spalding, F P “Hydraulic Cement.’' pp 8, 31, 38 
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index ” and to substitute therefor the index described in the next 
section as the “ Cementation Index.” 

The Cementation Index. — As explained and defined below, the 
Cementation Index is a natural outgrowth from the formula proposed 
by Newberry for proportioning Port land-cement mixtures. The index 
now proposed differs from that formula in assigning values for the 
magnesia and iron oxide contained in the cement or lime, a change 
which is necessary in order to adapt it for use with the magnesian 
natural cements and the puzzolan cements. The proposed index is: 


Cementation Index 


(2.8 X percentage silica) + (1.1 X percentage alumina) 
T (.7 X percentage iron oxide) 

(Percen t age 1 i me) T ( 1 .4 X percent age magnesia) 


Examplio. — As an example of the details of calculating the Cementa- 
tion Index, the hydraulic lime of Metz, whose analysis is given as No. 2 
of Table 79, will be used. The essential ingredients of this lime, as 
given in the quoted analysis, are: 


Silica (Si() 2 ) 

. 18 47 

Alumina (Al 2 () 3 ) 

f> 73 

Iron oxide (Fe a (L) 

3 29 

Lime (Ca<» 

OS 19 

Magnesia (MgO) 

2 GO 

Substituting these values in the formula 



2.8 percentage silica+l.l percentage alumina 


Cementation Index = 


-f.7 percentage iron oxide 
Percentage limed- 1.4 percentage magnesia 


we have 


Cementation Index = 


(2.8 X 1 8.47) + (1-1 X 5. 78) + (.7 XT 29) 
(08. 19) -p ( 1 .4 X 2. GO) 


5 1 .7 1 0 T 0.804 4-2.303 
08.194-3.724 


00.322 

71.914 


= .839. 

As will be seen later, this is a very typical value for the Cementa- 
tion Index of a good hydraulic lime. 
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The use of the Cementation Index, as here stated, involves certain 
assumptions as to the constitution of hydraulic cementing materials. 
These are, in order of importance: 

(1) That m hydraulic limes and cements the hydraulic activity is 
due to the formation during manufacture of certain compounds of 
lime and magnesia with silica, alumina, and iron. 

(2) That the silica combines normally with the lime in such molecu- 
lar proportions as to form the tricalcic silicate, 3Ca() Si() : >. 

(3) That the alumina combines with the lime as the dicaleie illu- 
minate, 2CaO-Al'()<. 

(4) That magnesia is, molecule for molecule, equivalent to lime 
in its action. 

(5) That iron oxide is, molecule for molecule*, equivalent to alumina. 

Of these five assumptions, the first is simph a general stat (‘merit 

of conditions which are recognized by everybody as probably existing. 
The second assumption, likewise, is generally accepted, since it agrees 
with the views of both Le Ohateher and Newberry. The third, based 
on Newberry’s experiments and continued by those of Richardson, is 
practically accepted by all American cement chemists, though not by 
those who follow Le ('hatcher. 

The fourth and fifth assumptions, however, are open to question, 
and the writer realizes that serious objections may be urged against 
them. But he also realizes that magnesia and iron must be accounted 
for in some way, that the assumptions above made are inherently prob- 
able, and that the resulting “('(‘mentation Index” works out very 
well in practice. For the present, therefore the “ Cementation Index ” 
will be accepted as a guide in discussing the composition and the char- 
acteristics of the hydraulic limes. 

Use of the Cementation Index in Classification. — The (Vmcntation 
Index will be used in classifying the various hydraulic products, for 
it gives information of value concerning the properties of the various 
products. But it cannot be the sole basis for classification, because 
the properties of a hydraulic cementing material will be later seen to 
depend not only on its composition, but on the conditions of its manu- 
facture. A material having a Cementation Index of 1.05 might be, 
for example, a hydraulic lime, a natural cement, or a cement of the 
Portland type, depending chiefly on the temperature at which the raw 
material was burned. In general, however, the possible variation is 
by no means so wide as this. A material with a Cementation Index 
of 0.40, for example, could under no possible temperature conditions 
yield anything but a somewhat weak hydraulic lime. 
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In later chapters, when the separate products are under discussion, 
their respective Cementation Indexes will be determined and stated. 
At present we are only concerned with determining the limiting values 
of this index for the hydraulic limes. As will be seen from following 
paragraphs, these limits are theoretically very wide, but in actual prac- 
tice very narrow. 

Definition of hydraulic limes.— The hydraulic limes include all those 
cementing materials ('made by burning siliceous or argillaceous lime- 
stones) whose clinker after calcination contains so large a percentage 
of lime silicate (with or without lime aluminates and ferrites) as to 
give hydraulic properties to the product, but which at the same time 
contains normally so much free lime (CaO) that the mass of clinker 
will slake on the addition of water. 

The commercial advantage of manufacturing a material of this 
kind is that, while tin; product has hydraulic properties, yet its clinker 
will slake and pulverize itself on the simple addition of water, thus avoid- 
ing the expensive mechanical grinding required by the clinker of natural 
and Portland cements. 

The definition, therefore, requires that a material to be called a 
hydraulic lime must satisfy two conditions: (1) its clinker must con- 
tain enough free lime to slake with water, and (2) the resulting powder 
must be capable of setting or hardening under water. These two 
requisite conditions, in their turn, fix the limits of lime that the clinker 
may contain. Thu minimum amount of lime present is obviously 
determined by the consideration that, after burning, enough free lime 
(in addition to that combined with the silica, alumina, and iron) must 
be present in the clinker to reduce the entire mass to powder by the 
force of its own slaking. The maximum amount of lime, on the other 
hand, is determined bv the commercial condition that no more free 
lime should be present, than is absolutely necessary to accomplish this 
pulverization, for the free lime, whose slaking powders the mass, is by 
that same slaking made into an inert, or at least non-hydraulic, material. 

The desired result —the formation of a clinker consisting largely of 
lime silicates, etc., but also containing sufficient free lime to slake readily 
— can be attained in two different ways, which yield products very 
different in quality. These two methods are: 

(1) By the calcination, at a medium temperature, of a siliceous or 
argillaceous limestone having a Cementation Index lying between 0.30 
and 1.10. Such a limestone will carry so high a percentage of calcium 
carbonate (relative to its content of silica, alumina, and iron oxide) 
as to leave, after most of its silica, etc., have been combined with lime, 
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The use of the Cementation Index, as here stated, involves certain 
assumptions as to the constitution of hydraulic cementing materials. 
These are, in order of importance: 

(1) That m hydraulic limes and cements the hydraulic activity is 
due to the formation during manufacture of certain compounds of 
lime and magnesia with silica, alumina, and iron. 

(2) That the silica combines normally with the lime in such molecu- 
lar proportions as to form the tricalcic silicate, 3Ca() Si() : >. 

(3) That the alumina combines with the lime as the dicaleie illu- 
minate, 2CaO-Al'()<. 

(4) That magnesia is, molecule for molecule, equivalent to lime 
in its action. 

(5) That iron oxide is, molecule for molecule*, equivalent to alumina. 

Of these five assumptions, the first is simph a general stat (‘merit 

of conditions which are recognized by everybody as probably existing. 
The second assumption, likewise, is generally accepted, since it agrees 
with the views of both Le Ohateher and Newberry. The third, based 
on Newberry’s experiments and continued by those of Richardson, is 
practically accepted by all American cement chemists, though not by 
those who follow Le ('hatcher. 

The fourth and fifth assumptions, however, are open to question, 
and the writer realizes that serious objections may be urged against 
them. But he also realizes that magnesia and iron must be accounted 
for in some way, that the assumptions above made are inherently prob- 
able, and that the resulting “('(‘mentation Index” works out very 
well in practice. For the present, therefore the “ Cementation Index ” 
will be accepted as a guide in discussing the composition and the char- 
acteristics of the hydraulic limes. 

Use of the Cementation Index in Classification. — The (Vmcntation 
Index will be used in classifying the various hydraulic products, for 
it gives information of value concerning the properties of the various 
products. But it cannot be the sole basis for classification, because 
the properties of a hydraulic cementing material will be later seen to 
depend not only on its composition, but on the conditions of its manu- 
facture. A material having a Cementation Index of 1.05 might be, 
for example, a hydraulic lime, a natural cement, or a cement of the 
Portland type, depending chiefly on the temperature at which the raw 
material was burned. In general, however, the possible variation is 
by no means so wide as this. A material with a Cementation Index 
of 0.40, for example, could under no possible temperature conditions 
yield anything but a somewhat weak hydraulic lime. 
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EMINENTLY HYDRAULIC LIMITS (JRAI'PIER CEMENTS 

Tun hydraulic limes are usually, compared to Pori land or good 
natural cements, only feebly hydraulic. This fact, taken in connection 
with the abundance of materials suitable for the manufacture of natu- 
ral cements, has prevented the introduction of hydraulic-lime manu- 
facture into the United States, though in Europe the industry is of 
considerable importance. No hydraulic lime is at present made in 
this country. A considerable amount of hydraulic lime and grappier 
cement is, however, annually imported. This is brought about by 
the fact that these products, being low in iron and soluble salts, are 
light colored and do not stain masonry. There is thus a fair market 
for them for architectural rather than for engineering uses. A promi- 
nent brand of grappier cement much used in the United States as a 
“ non-staining cement ” is called Lafarge. 

The manufacture and properties of the hydraulic limes and grappier 
cements will be discussed briefly. This discussion will be practically 
confined to the practice followed at Le Tell, France, where the largest 
and best -known plants are located. 

Composition of the ideal hydraulic lime. — The clinker of an ideal 
hydraulic lime should, as may be deducted from the considerations set 
forth in the preceding chapter, satisfy two limiting conditions. On 
the one hand, it must contain sufficient free lime to disintegrate the 
entire mass of clinker by the force of its own slaking. On the other 
hand, no more free lime should be present than is absolutely necessary 
to effect this disintegration; and no uncombined silica or alumina 
should be present in the clinker. This ideal condition would be arrived 
at, according to Le Chatelier,* if we could obtain a clinker containing 
four equivalents of lime for one of silica. Three of the four equiva- 
lents of lime would be united with all the silica to form tricalcic sili- 
cate, while the fourth equivalent of lime would remain free, and would 
be sufficient to accomplish the disintegration of the entire mass, through 
the force produced during its own slaking. Accepting this statement, 
* Trans Ain Inst Min Eng , vol 22, p 16 
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we can calculate the percentages of the various constituents which 
should be present in an ideal hydraulic lime, both before and after 
slaking, and also the composition of the limestone necessary to give, 
in burning, this ideal product. The results of such a calculation are 
shown in the following table: 


Table 7 1. 

Composition' of Ii>k\l II\ dkmm.ic Limestone \ni> Ihmoruc Lime 



Ihtlrnulic 

I imrstom* 

1 1 \ tli .min 

1 lint' 


lit Burning - 

1 

Effort' 

M iklllK 

\ftrr 

M ikitiK 

Si( ), 

IS 20 j 

21 20 

10 OS 

(at) 

J SC) s 

7s SO 

70 02 

TO- 

0 00 

0 00 

UT) 

; 0 00 

0 00 

10 00 


100 00 

100 00 

100 00 

Index 

0 7, Id 

0 7 .Id 

0 7.-)d 


In actual practice, however, it is found that these theoretical com- 
positions cannot be worked up to athantageously. If, for example, a 
limestone of the composition given above (Si()_> UL‘2 per cent, CaCO.j 
86.8 per cent) is burned under the ordinary conditions of hvdraulic-lime 
manufacture, it is found that all the silica does not combine with three 
fourths of the lime, as is required by the theory. What actually hap- 
pens is that part of the silica will combine with part of the lime to 
form tricalcic silicate, thus leaving a certain amount of uncombined 
silica and entirely too much uneombmod lime. Any increase in the 
uncombined lime beyond the amount necessary to cause the clinker to 
disintegrate by its taking lessens the hydraulic value of the product. 

It is therefore necessary, in practice, to modify the ideal compositions, 
these modifications being in the following directions: 

(a) Lower lime content. The limestones in actual use, as shown 
by the analyses quoted in Tables 7o and 76, differ from the ideal hydrau- 
lic limestone in carrying from 70 to 80 per cent of lime carbonate in 
place of the 86.8 per cent of theory. This lowering in the original lime 
carbonate content of the limestones decreases the amount of uncom- 
bined lime in the product. 

(b) Presence of alumina and iron. Even the best hydraulic lime- 
stones in actual use carry notable amounts of alumina and iron oxide. 
These constituents act as fluxes, facilitating the combination of the 
silica and lime. They also combine themselves with lime to form 
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aluminates and ferrites of lime. These latter salts do not increase 
the hydraulic value of the product, for they become hydrated and inert 
during the process of slaking, but their formation disposes of some of 
the excess of free lime. 

The effect of these modifications is shown clearly when the Cementa- 
tion Indexes of the ideal and the various commercial products are com- 
puted and compared. Le Chatelicr’s ideal lime has a Cementation 
Index of 0.75, while the actual limes whose analyses are given later 
will average about 0.85. 

Analyses of a number of commercial hydraulic limes are given in 
Table 79, page 183. 

Raw materials: hydraulic limestones. — The limestones actually 
used in the manufacture of hydraulic limes will carry from 70 to SO 
per cent of lime carbonate. In hydraulic limestones of the best types, 
such as arc used at Le Toil, France, the silica will vary between 13 and 17 
per cent, while the alumina and iron together rarely exceed 3 per cent. 


Tahle 75. 

Analyses of Hydraulic Limestones, Le Tkil, Fua.vk 


i 


.1 

1 

Silica (H 1 O 2 ) . . 

12 40 

13 75 

16 89 

14 30 

Alumina (AML). 

0 00 

0 05 

0 81 

0 70 

Iron oxide (Fc 2 ()j) . . 

0 50 

t race 

trace 

0 80 

Lime (CaO) . . . 

47 49 

47 00 

45 40 

40 50 

Magnesia (MgO) 

» (1 

n d 

n (1 

n d 

Carbon dioxide (CO;) 

37 31 

36 93 

35 07 

30 54 


1 Alignolo quarry, average of mx analyses by Rivot 

2 Gaillant quarry, average of throe analyses by Rnol 

3 Tinlif're quarry analyses by Rivot 

4 Lafarge quarry, averugo of lime analyses by Ri\ot 


Tahle 7b. 


Analyses ok Ih du vuliu-lime Rocks, Frwck and (Iermany 



1 

2 

s 

4 

Silica (SiOo) . . . 

17 00 

11 00 

11 03 

11 20 

Alumina (Al a Oj) 

1 00 

3 00 

3 75 

5 30 

Iron oxide (Fe 2 Oa) 


3 0 

5 07 

4 00 

Lime (CaO) . 

44 80 

42 84 

43 02 

35 50 

Magnesia (MrO) 

Carbon dioxide (COO 

0 71 

1 43 

1 34 

5 85 

35 99 

35 23 

35 27 

34 35 

1 Senonehes, France Deseotils, analyst 





2. Meta, France Rerthier, analyst 

1 Quoted by 


Kalk und 

3. Hausbergen, Germany Muspratt, analyst 

4 . Plassac, France Vicat, analyst 

Portland-Cement.” pp 

66, 67 
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Tablk 77. 

Anxlyses OF THE VaHIOUN Bkds ]\ THE HydKACI.IC Limestone Qumuues at 
Mai.m.v, Fka \< y 


Silica (SiO.) 

! 7 

00 10 

15 

10 

30 12 

30 15 

70 13 

80 1 1 

201 1 

25 

11 

70 

Alumina (ALOa) 

Iron oxide ( Fe 4 ) 3 ) 

}|° 

75 

0 


0 

05 

1 

00 

1 

10 

0 

80 

0 

85 

0 

75 

0 

00 

Lime (CaO) 

:>o 

05 ! 4S 

05 

48 

30 40 

90 14 

75 

40 

30 45 

75 

45 

35 

45 

05 

Magnesia (MgO) 

0 

30 

0 

30 

0 

30 

0 

25 

0 

20 

0 

‘>5 

0 

to 

0 

40 

0 

30 

Carbon dioxide (CO..) 
Water 

} :» 

30 to 

00 

10 

15 

39 

55 

38 

25 

38 

85 

38 

80 

:i9 

25 

39 

35 

Cementation Index 





0 

'39 














i 

! 10 

n 

l. 


i 

1 

1 1 

l 


m 

1 


18 

Silica (SiO..) 

1 1 

75 

10 

35 

10 

10 10 

80,11 

90 

11 

35 

12 

45 

14 

85 

0 

40 

Alumina (AMb) 

Iron oxide ( FeXb) 

H 1 

or, 

1 

(K) 

0 

80 

0 

30 

0 

80 

0 

80 

0 

70 

0 

75 

0 

45 

Lime (CaO) 

15 

15 

13 

85 

11 

20 1 1 

00 

15 

10 

15 

55 

to 

80 

15 

15 

51 

05 

Magnesia (MgO) 

0 

15 

0 

55 

0 

to 

0 

10 

0 

15 

0 

to 

0 

15 

0 

45 

0 

15 

Carbon dioxide (CO.) 
Water 


90 

3X 

25 

* 

50 

37 

90 

38 

75 

38 

90 

39 

00 

38 

1 

1 

SO 

11 

05 

Cementation Index 

! 


1 

05 











| 





Burning. Hydraulic lime is burned m continuous kilns, like com- 
mon lime. No difference, in fact , exists between the burning of common 
and of hydraulic limes, so far as the practical operations involved are 
concerned. The temperature attained in burning is, however, higher 
in hydraulic lime-kilns than in those burning common lime, and the 
fuel requirements are correspondingly increased. Beckwith states, 
for example, that at Toil 100 tons of coal are required to burn stone 
equivalent to 5(X) tons of screened lime. This corresponds to a fuel 
consumption of 20 per cent by weight on the lime production. 

The temperature and thoroughness of the burning are directly 
related to the rementation Index of the lime. The higher the index 
th(' less care will be necessary to avoid the presence of too much free 
lime. A hydraulic lime of index 0.75, for example, would be much more 
difficult to burn properly than one whose index ran as high as 0.85 or 
so. In fact, as the index approaches 1.00, the difficulty is, not to 
avoid free lime, but to keep enough free lime in the product to enable 
it to slake properly. 

In Tables 78 and 79 are given the analyses of a number of hydraulic 
limes, after being burned but before slaking. 
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aluminates and ferrites of lime. These latter salts do not increase 
the hydraulic value of the product, for they become hydrated and inert 
during the process of slaking, but their formation disposes of some of 
the excess of free lime. 

The effect of these modifications is shown clearly when the Cementa- 
tion Indexes of the ideal and the various commercial products are com- 
puted and compared. Le Chatelicr’s ideal lime has a Cementation 
Index of 0.75, while the actual limes whose analyses are given later 
will average about 0.85. 

Analyses of a number of commercial hydraulic limes are given in 
Table 79, page 183. 

Raw materials: hydraulic limestones. — The limestones actually 
used in the manufacture of hydraulic limes will carry from 70 to SO 
per cent of lime carbonate. In hydraulic limestones of the best types, 
such as arc used at Le Toil, France, the silica will vary between 13 and 17 
per cent, while the alumina and iron together rarely exceed 3 per cent. 


Tahle 75. 

Analyses of Hydraulic Limestones, Le Tkil, Fua.vk 


i 


.1 

1 

Silica (H 1 O 2 ) . . 

12 40 

13 75 

16 89 

14 30 

Alumina (AML). 

0 00 

0 05 

0 81 

0 70 

Iron oxide (Fc 2 ()j) . . 

0 50 

t race 

trace 

0 80 

Lime (CaO) . . . 

47 49 

47 00 

45 40 

40 50 

Magnesia (MgO) 

» (1 

n d 

n (1 

n d 

Carbon dioxide (CO;) 

37 31 

36 93 

35 07 

30 54 


1 Alignolo quarry, average of mx analyses by Rivot 

2 Gaillant quarry, average of throe analyses by Rnol 

3 Tinlif're quarry analyses by Rivot 

4 Lafarge quarry, averugo of lime analyses by Ri\ot 


Tahle 7b. 


Analyses ok Ih du vuliu-lime Rocks, Frwck and (Iermany 



1 

2 

s 

4 

Silica (SiOo) . . . 

17 00 

11 00 

11 03 

11 20 

Alumina (Al a Oj) 

1 00 

3 00 

3 75 

5 30 

Iron oxide (Fe 2 Oa) 


3 0 

5 07 

4 00 

Lime (CaO) . 

44 80 

42 84 

43 02 

35 50 

Magnesia (MrO) 

Carbon dioxide (COO 

0 71 

1 43 

1 34 

5 85 

35 99 

35 23 

35 27 

34 35 

1 Senonehes, France Deseotils, analyst 





2. Meta, France Rerthier, analyst 

1 Quoted by 


Kalk und 

3. Hausbergen, Germany Muspratt, analyst 

4 . Plassac, France Vicat, analyst 

Portland-Cement.” pp 

66, 67 
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Table 78. 


Analyses of Hydraulic Lime before Sl\kino (Le Teil, France) 



l 

* 

V 





0 


7 

s 

9 

Silica (Si0 2 ) 

20 

3d 

22 39 

23 00 

22 

95 

•20 

57 

21 

7 

20 07 

20 4 

22 59 

Alumina (AljOj) 

1 

00 

1 00 

1 2S 

1 

12 

1 

13 

1 

S 

4 3S 

\o n 

(2 03 

Iron oxide (Fe 2 0 3 ) 

0 

82 

tr 

tr 

1 

28 

tr 

0 

0 

tr 

r 0 

\0 84 

Lime (CaO) 

77 

87 

70 55 

75 12 

74 

04 1 

77 

70 

74 

0 

OS 91 

05 10 

05 02 

Magnesia (MgO) 

n 

d 

n d 

n d 

n 

( 1 

0 

51 

0 

7 

0 01 

1 01 

1 54 

Cementation Index 

o : 

753 

0 834 

0 S9S 0 

j 

S99 0 7 

1 

19 

0 S42 

1 115 

1 155 

0 985 


i Mignnlo quarry ro< k 
( ■jiilliuit quarry ruck 
TinluVe quarry rock 
Lafarge quarry rot k 


\tialy r sps bv Hivot (Quoted by 
" lly drauli, seller K.ilk uml P« 
Cement,” pp C>7, Oil 


1 Average of lime burned fro 

2 

3 

4 

5 Analysis by \ ioat Quoted by Beikwitli. "Hydraulic lame of Ted,” p Id 
0 Quoted by St anger and Blount, Mineral Industr\, \<>1 p 70 

7 Analysis by Vicat Quoted by Beckwith, ‘ Hydraulic lame of Ted,” p Id 

8 Analysis by Lnndrin Quoted 1»\ Thorpe " I >it tionar\ \pplied Chemistry,” vol 1, p 

9 Analysis by Miohaelis (Quoted bv Schocli, “ \l6rtel- Materialen," p 7i 

Two of the above analyses of Ted lime, \os 7 and S, give cx< optionally high \alue 
Cementation Index The average index of all nine samples is 0 01 1, if Nos 7 and 8 he 
the average is 0 8d 


ick, 

irtlaml- 


for the 
xcluded 


1 ABLE 7 ( .). 

Analyses ok IDdru lic Liml^, Frynce, (Ikrmyny \m> Kmiiand 



1 

j 

i 1 

i ; 

•» 

Silica (SiOd 

20 77 

IS 17 

17 IS 

17 75 

23 01 

Alumina (A1 2 0 3 ) 

1 57 

5 73 

5 SI 

S SS 

3 89 

Iron oxide (Fe 2 O t ) 


3 29 

0 32 

0 IS 


Lime (CaO) 

70 51 

OS 19 j 

OS 50 

50 01 

71 99 

Magnesia (MgO) 

1 12 

2 00 

2 09 

9 28 

0 51 

Cementation Index 

1 00 

0 S39 

0 S39 

0 925 

0 90S 

1 Scnonchcs, France Descotils, analyst ) 






2 Metz, France Berthier, analyst 

3 Hausbergen, (lerinuny Muspratt, analy st 

4 IMassae, France Viral, analyst 
d’Emondeville, France \icat, analyst 


2i 33 

3 73 
n (l 
71 1)4 
n d 

1 00 


Quoted bv Zwnk, ” Hy drnuliseher Kalk und 
I’ortland-Cement,” pp 700 li 


0 Lyme Kegis, England Quoted by Cummings, “ Vmeriran Cements,” ji do 


Slaking. — Hydraulic lirno, after burning, is a mixture of two distinct 
compounds. Part of the mass is composed of lime silicate, which would 
not slake if water were poured on it, but would form a hydraulic cement 
if finely ground. The remainder of the hydraulic lime consists simply 
of quicklime, which will slake with water. 

The result of the mixture of the two ingredients is that if water 
be poured on a lump of hydraulic lime the portion consisting of quick- 
lime will rapidly take up the water and slake. In its slaking its expan- 
sion will break up the entire mass into a fine powder. If this operation 
be done carefully, with just the proper amount of water, the result will 
be a fine, dry, white powder, consisting mostly of lime silicate with 
about one-third to one-fourth as much of slaked lime. 



(JEM ENTS, LIMES, AND PLASTERS 


IM 

In the earlier days of hydraulic-lime manufacture in France (and 
even at the present day in England) it was the practice to put the 
hydraulic lime on the market in lumps, just as it is drawn from the 
kiln, leaving the work of slaking it to the purchaser. At present, how- 
ever, the slaking in the French works is done at the lime-plant. The 
advantages of this method of procedure are that (1) the slaking is done 
more uniformly and carefully, so that the value and reputation of the 
lime is improved, and (2) the lime gains considerably in weight and bulk 
during slaking, so that the cost of slaking is made up. 

Slaking should be done with as little water as is compatible with 
thorough slaking. The lime as drawn from the kiln is therefore spread 
out in thin layers and lightly sprinkled with water. It is then shriveled 
up into heaps or into bins, where it is allowed to remain for ten days 
or so. The slaking is completed, while the lime is thus heaped up, by 
the aid of the steam which is generated. 

After slaking is completed, the lime remains as a fine powder inter- 
spersed with lumps (grappiers) of harder material. These lumps con- 
sist in part of lime silicate and in part of unburned or underburned 
limestone. It would be desirable if practicable to remove the latter 
material, as it is, of course, valueless as a cement. The lumps of lime 
silicate, on the contrary, will, if finely ground, make a good natural 
cement. This separation is, however, commercially impracticable, 
and therefore all the grappiers are treated together. 

The lime after slaking is passed over screens (of about 50-mesh). 
These screens permit all the slaked lime to pass, but reject the grap- 
piers. The lime is sent to the packers, while the grappiers are ground 
finely under millstones. A certain percentage of ground grappiers is 
usually added to the lime, in order to increase its hydraulicity. The 
grappiers alone arc also sold as a cement. 

The analyses by Durand-Olaye, given in Table 80, are quoted in 
Spalding’s “ Hydraulic Cements,” p. 20, and serve to illustrate the com- 
position of the various products. 

In this scries analysis No. 1 is of the lime which has completely 
powdered during slaking and passed through the first sieve, while 
analysis No. 3 is of the grappiers rejected by this sieve. It will be 
seen that while the slaked lime has a Cementation Index of 0.992, the 
grappiers are proportionately less rich in lime (CaO), having an index 
of 1.63. In order to increase the hydraulic properties of the lime which 
has passed the sieve, a certain proportion of ground grappiers is added 
to it. This causes the lime as marketed to have a Cementation Index 
of 1.08, as shown by analysis No. 2, which is of the Toil lime in its 




Fig. 31 — Section of hydraulic lime-plant at Malain, France (After Bonnami ) 
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commercial form. During the burning a small percentage of a third 
compound close in composition to CaO Si0 2 is formed. This product 
is not used in either the hydraulic-lime or grappier-cement industries, 
but is mixed with slaked lime and used in the manufacture of pipe, tile, 
etc. It is, in fact, an artificial puzzolana, as is seen from its analysis 
(No. 4), which gives a Cementation Index of 2.82. 


Table 80. 

Analyses of Kiln Products, Tkil, France. 




i 

2 

3 

4 

Silica (SiOO 


23 05 

23 05 

31 85 

43 00 

Alumina (AML) 

Iron oxide (F<ML) 


} 2 75 

3 10 

4 25 

8 20 

Lime (OaO) 


05 75 

03 35 

55 60 

45.25 

Magnesia (MgO) 


1 50 

1 15 

1 20 

0 85 

Water, etc 


C) 05 

8 50 

7 10 

2 60 

Cementation Index 


0 002 1 

1 08 

1 63 

2 82 


These analyses by Durand-Clayc have been used because they form 
a complete series. They are not entirely representative, however, of 
Toil hydraulic lime, as is seen on comparing them with analyses No. 2 
and 3 in Table 81, below. These latter analyses give Cementation 
Indexes of 0.841 and 0.854 respectively, which are considerably lower 
than of the corresponding analyses of Table 80. 


Table 81 . 

Analyses of Hydraulic Limes, after Slaking 



l 

2. 

3 

Silica (SiOa) 

22 0 

10 05 

18 2 

Alumina (AML) 

2 0 

1 6 

1 2 

Iron oxide (Fe 2 Os) 

2 0 

0 55 

0 8 

Lime (CaO) 

62 0 

65 10 

60 0 

Magnesia (MgO) 

1 5 

0 65 

1 32 

Sulphur trioxido (SO.0 

0 5 

0 3 

n d 

Carbon dioxide (C0 2 ) . 

00 1 

12 45 

/ 8 00 

Water. . 

10 0 / 

\ n. d 

Cementation Index 

1 016 

0 841 

0 854 


1 Typical hydraulic lime, after slaking Le Ohatelier, Trans Am Inst Min Engrs , vol. 22, 
p. 16 

2 Hydraulic lime of Teil, after slaking Thorpe, Diet Applied Chem , vol 1, p 474 

3. Hydraulic lime of Toil, after slaking Gilmore. “Limes, Cements, and Mortars," p. 125 


Weight and specific gravity. — Beckwith states that Le Teil lime in 
lumps, before slaking, weighs 36} lbs. per cubic foot; while slaked 
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and screened its weight averages about 4*1 lbs. per cubic foot. Accord- 
ing to Schoch,* the hydraulic limes average in specific gravity about 
2.9. 

Tensile and compressive strength— The results given in Table 82 
are quoted by Schoch * as being fair averages for hydraulic-lime mor- 
tars composed of one part lime and three parts sand; kept for seventy- 
two hours after molding in a moist atmosphere and the remainder of 
the time under water. 


Table 82. 

Average Strength ok IIydryclic Limes (Schoch ) 



['mill 

L p«>r S(junn> 

In. 1) 


7 l)n\M 

2S 

1 Y car 

Tension 

01 lbs 

100 lbs 

200 IIh 

Compression 

356 “ 

083 * ‘ 

1020 “ 


These results may be compared with those given in Tables 83 and 84, 
which are quoted by Beckwith as the averages of several scries of experi- 
ments carried on at Toulon and Marseilles on hydraulic-lime mortars 
composed of about one part lime to two parts of sand. These mortars 
were made into blocks and kept under salt water the entire time. 


Table S3. 

Tensile Strength ok Teil Hydrvclic-limk Mortar 



i 

1 1 1 2 

t 

» 


0 

Avrragr 


31 71 

40 38 

30 79 

30 83 


38 42 

34 43 

90 4? 

85 06 

88 49 

83 78 

77 68 

57 59 

83 77 

79 39 

180 “ 

97 11 

106 22 

89 16 

86 88 

86 03 

94 86 

93 38 

1 year 

123 43 

111 63 

126 42 

i 

122 15 

' 

121 30 

120 94 

120 95 

2 years 

141 06 

164 20 

152.63 


Ratio of compressive to tensile strength. — When in use, limes and 
cements are usually subjected to direct compressive stress only, tensile 
strains being rarely applied in well-designed and well-built structures. 
In testing, however, a test for tensile strength is much cheaper and 
more readily applied than one for compressive strength. The result 

* Schoch, C Die moderne Aufbereitung und Wertung der Mortel-Materialcn 
p. 74. 
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is, that though limes and cements are almost entirely used in com- 
pression, they are usually tested in tension. For this reason it is desir- 
able 1o ascertain, as definitely as possible, the ratio which exists between 
the compressive and the tensile strength of any type of lime or cement. 
If this ratio be once determined, a tensile test can thereafter be used to 
determine the compressive strength of the material. 


Table 84. 

CoMIMIKSSIVK STKKNtiTM OF TKIL H YDKAULIC-U MB MoHTAItS 


Time 1 iniiicrscd 

Com pro 

1 

waive Strong 

2 

th in Bourn 

3 

a per Sipia 

4 

o Inrh 

Average 

45 tliivs 

219 59 

191 75 

194 09 

205 04 

202 62 

90 “ 

859 02 

302 41 

355 20 

259 15 

334 10 

180 “ . 

593 98 

407 13 

451 34 

504 21 

504 17 

1 \rjir 

012 91 

591 84 

501 87 

588 99 

588 90 

2 yi'iirH 

013 88 

577 33 

573 92 


588 38 


In the present case, the tensile and compressive tests given in 
Tables 82, 88, and 81 have been compared. The results arc sufficiently 
close to indicate that the compressive strength of a hydraulic-lime 
mortar mixed in the usual working proportions (1 lime to 2 or 3 sand) 
will be from five to six times the tensile strength of the same mixture. 
(The actual average value, given by eight tests, for this ratio was 5.38 
to 1.) 

Proportions for mortars and concretes. — The following proportions 
for making mortars and concretes with hydraulic lime are recommended 
by Beckwith: 

(a) Mortar for use in salt water: 10i U. S. bushels (500 lbs.) of 

Toil lime to 1 cubic yard of sand, equivalent to one scant 
measure of lime to two full measures of sand. 

(b) Mortar for use in fresh water: 9 U. S. bushels (506 lbs.) of Teil 

lime to 1 cubic yard of sand, equivalent to 1J measures of 
lime to 3 measures of sand. 

(c) Mortar for use in air: 7] U. S. bushels (421 lbs.) of Teil lime 

to 1 cubic yard of sand, equivalent to 1 measure of lime to 
3 measures of sand. 

(d) For concretes the usual proportions are: 

(1) For use in salt water, 2 measures mortar to 3 measures of 

broken stone. 

(2) For use in fresh water, 1 measure mortar to 2 measures of 

broken stone. 
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Grappier Cements. 

Grappier cements are made by grinding finely the lumps of unburned 
and overburned material which remain when a hydraulic lime is slaked. 
These lumps, as earlier noted, consist partly of lime silicate and partly 
of unburned limestone. The value of the resulting grappier cement 
will depend on the proportions in which these two ingredients occur 
in the lumps. If lime silicate forms most of the lumps, the grappier 
cement will be a very satisfactory material, approximating to Portland 
cement in its properties. If most, or even a largo part, of the lumps 
consist of unburned limestone, however, the grappier cement u r ill be 
practically worthless. 

Lafarge cement, well known on the American market as a “ non- 
staining ” cement, is a grappier cement of very satisfactory composition 
made at Toil, France. 

Composition of grappier cements. 

Table 85. 

AVALYSKS OF (iKUUMKK (' K\1K NTS 



1 

2 

i 3 

Silica (SiOj) . .... 

20 5 

31 85 

31 10 

Alumina (Al*()j) 

2 5 

\ t ‘>5 

i \ 

Iron oxide (FcjOj) 

1 5 

( * 

\2 15 

Lime (CaO) 

03 0 

55 00 

58 38 

Magnesia ^MgO) 

1 0 

1 20 

1 09 

Alkalies (K>0,Na 2 0) 

n d 

n (1 

0 91 

Sulphur trioxide (S0 3 ) 

0 5 

n d 

0 00 

Carbon dioxide (Cl)j) 

Water 

1 5 0 

7 10 

/ 1 28 
( n d 

Cementation Index 

1 212 

1 03 

i 500 


1 

27 its 
2 01 
1 02 
AS 38 
0 40 
n (1 

0 13 

n (1 \ 
n (1 / 

1 359 


21 05 
0 55 
2 00 
50 30 
0 90 
n d 
0 35 

8 05 


1 350 


n> 


20 


1 Typical grappicr .ement I.o ('lmlohpr Trans \tm-r ln«t Mm Knur* , v.I 22 !, p 

2 Toil urappicrs Anahsis by I)uriui<l-('luyo Quoted l>y Raiding. llvdraulio ( oinonl, 

3 Lafarge cement O F Me Keium analyst, 1HP7 SaloH-aKen.s' nroular 

4 Lafarge cement Quoted by L Ouryoo, Engineering Nows, w.l 47. P -1 .Ian 0. 100. 

5 Malain grappier cement Quoted by Honnann, tabmfttion ot rout role des ( luuix llydrau 

liquea,” p . r >l 


Physical properties of grappier cements.— -The only data available 
on the strength, etc., of grappicr cements are those contained in the 
circular issued by the American sales-agents of the Lafarge brand. 
The tests were conducted in 1897 by Dr. O. K McKenna. 

The Lafarge cement gave the following results: 

Specific gravity, not ignited 2 0 Initial set 4 hours 

i< << ignited 2 7 hinal set 10 hours 

Loss on ignition 3 83% Fineness 99 9% through 50-mesh 

‘ * 99 4% through 100- ‘ ‘ 
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is, that though limes and cements are almost entirely used in com- 
pression, they are usually tested in tension. For this reason it is desir- 
able 1o ascertain, as definitely as possible, the ratio which exists between 
the compressive and the tensile strength of any type of lime or cement. 
If this ratio be once determined, a tensile test can thereafter be used to 
determine the compressive strength of the material. 


Table 84. 

CoMIMIKSSIVK STKKNtiTM OF TKIL H YDKAULIC-U MB MoHTAItS 


Time 1 iniiicrscd 

Com pro 

1 

waive Strong 

2 

th in Bourn 

3 

a per Sipia 

4 

o Inrh 

Average 

45 tliivs 

219 59 

191 75 

194 09 

205 04 

202 62 

90 “ 

859 02 

302 41 

355 20 

259 15 

334 10 

180 “ . 

593 98 

407 13 

451 34 

504 21 

504 17 

1 \rjir 

012 91 

591 84 

501 87 

588 99 

588 90 

2 yi'iirH 

013 88 

577 33 

573 92 


588 38 


In the present case, the tensile and compressive tests given in 
Tables 82, 88, and 81 have been compared. The results arc sufficiently 
close to indicate that the compressive strength of a hydraulic-lime 
mortar mixed in the usual working proportions (1 lime to 2 or 3 sand) 
will be from five to six times the tensile strength of the same mixture. 
(The actual average value, given by eight tests, for this ratio was 5.38 
to 1.) 

Proportions for mortars and concretes. — The following proportions 
for making mortars and concretes with hydraulic lime are recommended 
by Beckwith: 

(a) Mortar for use in salt water: 10i U. S. bushels (500 lbs.) of 

Toil lime to 1 cubic yard of sand, equivalent to one scant 
measure of lime to two full measures of sand. 

(b) Mortar for use in fresh water: 9 U. S. bushels (506 lbs.) of Teil 

lime to 1 cubic yard of sand, equivalent to 1J measures of 
lime to 3 measures of sand. 

(c) Mortar for use in air: 7] U. S. bushels (421 lbs.) of Teil lime 

to 1 cubic yard of sand, equivalent to 1 measure of lime to 
3 measures of sand. 

(d) For concretes the usual proportions are: 

(1) For use in salt water, 2 measures mortar to 3 measures of 

broken stone. 

(2) For use in fresh water, 1 measure mortar to 2 measures of 

broken stone. 
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they contain no serious errors or misstatements. But our experience 
in France during the World War justifies further details concerning 
both products, because they are in reality of far more technical value 
and importance than I thought in 1905. Since that date the American 
army used some 20,000 tons of hydraulic lime and grappier cement in 
its various constructions in France;* and for my own part, owing to the 
fortunes of war, I had for some time to operate the largest mills of that 
sort in Europe — the Le Teil plants described on earlier pages of this 
volume. 

With regard to hydraulic limes I would say now that they have two 
important advantages; they cost no more to make than ordinary 
quicklimes, while they are about as good as natural cements. In sea- 
water, as is well known, the better grades of hydraulic limes seem to 
outclass Portland cements for resistance to chemical attack. For 
ordinary structural uses they are of course limited by their slow hard- 
ening and relatively low tensile strength. They can not therefore be 
used for reinforced concrete or other critical work; but for foundations 
and other mass-concrete they arc good enough and very cheap. 

The grappier cements are far superior products, and are again far 
cheaper to make than Portland cements. Their value is not shown in 
neat short-time tests, but in long-time mortar tests. I have averaged 
two very long scries of tests bv Leduc, one on French Portlands and 
one on French hydraulic lines, with the following comparative results 
(Table S7). The value of this comparison is, of course, that the tests 
were not made to prove any special point; they wore the ordinary 
run of materials that Leduc handled during many years at the Labor- 
atory of Arts et Metiers in Paris. 


Table 87. 

Comparative Tests of (iitAPPiKit and Portland Cement.-. (Leduc) 


Age. 

I'ortland Cement, 
Neat, Pounds 
per Square Ineli 

Portland Cement, 

1 : 3, Pounds 
per Square Ineli 

Grappier Cement, j 
Neat, Pound)) 

|M*r Square lueh 

Grappier Cement, 

1 : 3, Pound* 
per Square Inch. 

1 week 

455 

142 

212 

114 

4 weeks 

654 

! 199 

356 

185 

12 weeks 

768 

256 

498 

285 

26 weeks 

796 I 

313 

555 

356 

1 year 

740 

327 

569 

412 

2 years 

868 

370 

569 

441 


* Eckel, E C The cement supply, American Expeditionary Forces. Con- 
crete, Nov., 1921, et seq. 
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From this it will be seen that the neat Portland is superior to the 
neat grappier cement at all periods tested, though its lead falls off some- 
what in the long-time tests. The grappier mortar, however, though 
showing low results at one month and less, passes the Portland mortar 
at longer periods. Since a grappier cement costs normally not much 
more than half as much as Portland cement, the importance of these 
facts is obvious. 



Fig. 33. — Tensile strength of grappier vs Portland cements (Ijeduc.) 


References on hydraulic limes and grappier cements —The following 
list contains the more important modern books and papers dealing with 
these subjects in any detailed way, together with the original work of 
Vicat, on which all modern cement manufacture has been founded. 
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Bied et Lacarme. Cbaux Hydrauliques et Cimenta de Lafarge. 8vo, pp. 472. 
Paris, 1914. 

Beckwith, L. F. The hydraulic lime of Teil. 8vo, pp. 78. New York, 1873. 
Bonnami, H. Fabrication et controle des chaux hydrauliques et des ciments. 
8vo, pp. 276. Paris, 1888. 

Candlot, E. Ciments et Chaux Hydrauliques. 8vo, pp. 455. Paris, 1898. 

Le Chatelier, H. Experimental Researches on the constitution of hydraulic 
mortars'. Svo, pp 132. New York, 1905. 

Leduc et Chenu. Chaux, Ciments, Platres. 12mo, 252 pp. Paris, 1912. 
Leduc, E. Aide-Memoire des Industries de Ciment, Chaux, Plat re. 12mo, 
336 pp. Paris, 1914. 

Schoch, Carl. Die moderne Aufbereitung und Wertung der Mortel-Materialien. 
8vo, 300 pp. Berlin. 1896. 

Vicat, L. J. Resume des connaissanees des Mortiers. 4to, pp. 149. Paris, 
1828. 

Zwick, II. Ilydraulischer Kalk und Portland Cement. 12ino, pp. 315. 
Vienna, 1892. 
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FEEBLY HYDRAULIC LIMES: SELENITIC LIMES. 

Tin: feebly hydraulic limes have been defined in Chapter XIII as 
including those products whose Cementation Index ranges between 
0.30 and 0.70. This means that in such a product, no matter how high 
the burning temperature, not over 70 per cent of its total lime (CaO) 
can be in combination with the silica, etc., while if the Cementation 
Index, as shown by analysis, falls as low as 0.30, only 30 per cent of the 
total lime can lie so combined, even under the most favorable circum- 
stances. As combination can never be theoretically complete, it is 
safe to say that in the feebly hydraulic limes only from 20 to 00 per cent 
of their total lime is combined, the remainder being left free and capable 
of slaking. A product containing so much free lime and so little in the 
combined form can obviously possess little hydraulicity or strength. 

Limes of this class would hardly merit description were it not for 
the fact that they are the usual type of English hydraulic limes, and 
that they often serve as a basis for making a product —selenitic lime — 
which requires bi ief attention. 


Taolu 88. 


Anai.ysks of Fkkhly IIyi)u\ui,i<’-umic Rocks 



1 

2 

3 

Silica (SiOj) 

5 00 

4 64 

7 40 

Alumina (Al a ( ) s ) 

} 4 23 

/ 7 08 

2 70 

Iron oxide (Fe 2 O s ) 

\ 0 85 

5 30 

Lime (CaO) 

48 65 ! 

48 27 

40 82 

Magnesia (McO) 

Carbon dioxide 

1 86 

40 26 

37 92 

4 52 

37 06 

Cementation Index 

0 356 

0 443 

0 581 


1 Holywell, England Muspratt, analyst 

2 Falhagen, Germany Paach, analyst 
3. Horb, WOrtemberg Knauss, analyst 
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Table 89. 

Analyses ok Feeula IIydrai lic Limes 



l 

! 

•* 1 

1 1 

* 

Silica (Si(),) 

7 60 1 

11 05 ' 

11 00 i 

16 05 

S 86 

Alumina (AM),') 

11 60 

4 25 

8 67 

1 02 1 

| 7 08 

Iron oxide (Fo/A) 

0 06 

S 52 

8 00 

8 22 

Lime (CaO) 

Magnesia (MgO) 

70 00 

65 78 

7 25 , 

78 10 

8 08 

77 20 

1 52 

81 44 

8 11 

Cementation Index 

0 120 

0 5S1 

0 HO 

0 621 

0 881 


1 Fiilh:ig<‘n, (Jermnn\ Fuseli, analyst 

2 Horl>, W urtcmlMTK Kumiss, analyst 
.‘I Foi amp, Franc r Hunt, aiml> Ml 

4 \bertlinw, Filmland (Quoted l>y Cuinmin^ • " \iniTinii Cements," p do 
o Holywell, England Muspratt, analyst 


Tensile strength. -In Table 90 are given the results of tests, on the 
tensile strength of various English hydraulic-lime mortars, carried 
out by Grant * about 1880. These tests were made on briquettes hav- 
ing a cross-section of 2 ) square inches; but the results given in Table 
90 have been reduced so as to give the strength m pounds per square 
inch. 


Table 90. 

Tensile Strength ok Hydraulic-lime Mortars ((!rv\t) 



1 Lime 

1 Sand 

1 1 line 

1 Sand 

1 I.inie 

:> S.ind 

I Lime 

(5 Sunil 

Composition of Mortar 

1 

1 1 



1 

1 



, 

Dry 

W< ( 

Dry j 

w«t 

1 1 )rv | 

Wei 

Dry 

Wet 


Founds 

i Founds , Found'* < 

Founds 

j Founds i 

Founds Founds 

Founds 

Lime A 

50 

' 68 ; 

H , 

57 

! 80 ! 

15 

21 

28 

Lime B 

IS 

05 

10 

50 

' 82 , 

17 

28 

| 27 

Lime ( 1 

1 10 

, si ' 

26 1 

61 

21 

It 

IS 

81 

Average 

46 

si I 

40 

50 

28 ■ 

15 

21 

80 


Each of the values given in this table represents the average of the 
results on five specimens tested. All the tests were made one year 
after the briquettes were; molded. The words “ wet ” and “ dry ” 
refer to the fact that half of the briquettes were kept in air and the other 
half in water during the entire year. 

The results above tabulated are shown diagrammatically in Fig. 34. 
It will be noted that the “ wot ” briquettes gave results exceeding the 
“ dry ” in an average ratio of almost 1.6 to 1. 

* Proc. Institution Civil Engineers, vol 62, p 165 1880 
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Compressive strength. — Tests on the compressive strength of mor- 
tars made* from three English hydraulic limes are given in Table 91. 
These tests were made on 6-inch cubes kept in air for one year before 
testing. The results have been reduced to give the values for com- 
pressive strength in pounds per square inch. 


Table 91 . 

Com I’ltKKH! v k Sthknutii of IIyduauliolimk Mortars (Chant) 


Composition of Mortar 

Kind of Lime 

Lime A 

Ijme H 

| Lime 0 

Average 

Lime 1, sand and gravel 6 
“ 1 , “ “ “ 8 

“ 1 , “ “ “ 10 

Pounds per 
Square Inch 

159 

72 

81 

Pounds per 
Square Ineh 

178 

172 

179 

Pounds per 
Square Inch 

859 

267 

133 

Pounds per 
Square Inch 

232 

137 

131 


The values given are the average of ten specimens tested. 


Selenitic Lime: Scott’s Cement. 

The cementing material known as Scott’s cement, selenitic cement, 
or selenitic lime consists essentially of lime (CaO) plus a small per- 
centage of sulphur trioxide (SOy). The lime used as a basis for this 
cement is always a more or less hydraulic variety, while the sulphur 
trioxide may be added to it in the form of either plaster of Paris or 
sulphuric acid. The resulting selenitic lime or Scott’s cement shows a 
markedly higher strength, both in compression and tension, than the 
lime from which it was made. 

Manufacture of selenitic limes. — In his earlier patents Scott pro- 
vided for the manufacture of this product by exposing lime to the 
fumes of burning sylphur. This was accomplished | “ by reheating 
calcined lump lime in an oven having a perforated floor, beneath which 
were placed pots of burning sulphur. The sulphurous-acid fumes from 
the sulphur rose among the red-hot lumps of lime, leading to the forma- 
tion of calcium sulphite (CaSOy), and this in turn became oxidized 
into calcium sulphate (OaSOt). The amount of sulphurous acid thus 
absorbed by the whole bulk of the lime was small, rarely exceeding from 
2 to 5 per cent, and of course only the exterior surfaces of the lumps 
became coated with the sulphur compound; but when the cement was 

* Proc Institution Civil Engineers, vol. 62, p 165. 1880. 
f Redgrave, G It Calcareous cements, p. 176 1895. 
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ground, to prepare it for use, the sulphate of lime became evenly dis- 
tributed throughout the mass. 

In course of time General Scott found that he could obtain the same 
results, either by adding sulphuric luon*. 
acid to the water used m preparing 
the mortar or by the addition of 
powdered gypsum or plaster of Paris w 
to the ground lime. It mattered 
little in what form the sulphuric acid 
was conveyed to the lime, and many so 
soluble sulphates were found to 
answer quite as well as the sulphate 
of lime. Ultimately Scott specified 70 
the manufacture of a cement, which 
he named ‘ selenitic cement,’ by 
the addition of 5 per cent of ground 00 
plaster of Paris to calcined hydraulic 
lime, which was then ground to an 
impalpable powder and placed in w 

sacks or casks for use.” 

The hydraulic lime used in the 
manufacture of selenitic limeisappar- t0 
ently always one of the feebly hy- 
draulic varieties such as are discussed 
earlier in the present chapter. ^ 

Tensile strength of selenitic limes. 

— The following table shows the 
results of tests* by Grant about sou*. 

1880 on various selenitic limes. For 
purposes of comparison tests are also 
given on two of the limes before 10 

the addition of sulphate. The tests 
were made on briquettes having a 
sectional area of 2 \ square inches; I 1 I 1 

but in the table below the results ,‘ (i :u -T<n«fc «t W n K th''of feebly" 
given are reduced to pounds per hydraulic limes 

square inch. 

Each of the above results represents the average of the tests of five 
specimens. The tests were made one year after the briquettes were 
molded. The words “ wet ” and “ dry ” refer to the fact that some 
* Proc. Institution Civil Engineers, vol 62, p. 165. 1880. 
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of the briquettes were kept in air and others in water during the entire 

year. These results as to tensile 
strength are shown diagramraatically 
in Fig. 35 

Compr?ssive strength of selenitic 
limes. — A number of selenitic limes 
were tested for compressive strength 
by Grant, the results being given in 
Table 93. 

The samples discussed in the 
above table were made up into 
6-inch cubes and kept in air one 
year before testing. The results 




Fig. 35. — Tensile strength of plain hy- 
draulic and selenitic limes 


Fig. 36 — Compressive strength of plain 
hydraulic and selenitic limes. 


in the table have been reduced to pounds per square inch. 

Table 92. 


Tensile Stiiength of Selenitic Limes. (Grant.) 



1 Lime: 

3 Sand 

1 Lime: 

4 Sand. 

1 Lime: 

5 Sand. 

1 Lime: 

6 Sand. 

Dry 

Wet. 

Dry. 

Wet 

Dry. 

Wet. 

Dry. 

Wet. 

A. 

Gray lime, not selenitic 

50 

68 

44 

57 

30 

45 

21 

28 

A' 

“ “ selenitic 

128 

141 

65 

139 

55 

87 

40 

65 

B. 

Lias lime, not selenitic 

48 

95 

49 

59 

32 

47 

23 

27 

B'. 

“ 11 selenitic 

79 

131 

63 

99 

44 

72 

52 

80 

C. 

Selenitic lime 

123 

148 

80 

129 

72 

83 

58 

74 

D. 

1 1 tl Rugby 

91 

151 

59 

102 

33 

77 

29 

66 

E 

“ 11 Abcrthaw .. 

128 

•204 

83 

147 

71 

123 


76 
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Tablk 93. 

Compressive Strength of Selenitic Limes. (Grant.) 




1 Lime: 

! 

I Lime: 

1 Lime: 



0 Sand 

8 Sand 

10 Sand 

A. 

Gray lime, not selenitic 

159 

72 

81 

A'. 

“ ‘ 1 selenitic 

289 

119 

127 

B 

Lias lime, not selenitic 

178 

172 

179 

B' 

“ 11 selenitic 

268 

305 

159 

C. 

Selenitic lime 

414 

239 

210 

D 

E. 

‘ ‘ “ Rughv 

u lt Abcrtnaw 

577 

530 

533 

339 

329 

239 


The gain in strength due to this process of selenitizing is obvious, 
but it must be recollected that it gives satisfactory results only when 
employed on feebly hydraulic limes. With common non-hydraulic 
limes, and with the better grades of hydraulic limes, the results are not 
commensurate with the extra expense. For American use, therefore, 
Scott’s process has little to commend it, for our good natural cements 
would leave little field for such a product as selenitic lime. 

References on selenitic limes. — The following brief list comprises 
the chief papers. Those by General Scott arc of course the original 
references; the citation to Redgrave is given since the original papers 
may be inaccessible to most readers of this volume. 

Graham, Lt.-Col. G. Experiments on Limes and Cements. Prof. Papers, 
Royal Engrs., vol. 14, new series, pp 155-1 hi. 1S65. 

Grant, J. On the Strength of Cement. 8vo, pp. 172. London, 1875. 
Redgrave, G. R. Calcareous Cements, pp. 248-253. London, 1905. 

Scott, Capt. H. Account of a new cement. Prof. Papers, Royal Engrs., 
vol. 6, new series, pp. 143-148. 1857. 

Scott, Capt. H. Account of the manufacture of a new cement. Prof. Papers, 
Royal Engrs., vol. 10, new series, pp. 132-158. 1861. 

Scott, Capt. H. Observations on Limes and Cements. Prof. Papers, Royal 
Engrs., vol. 11, new series, pp. 15-94 1862. 
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CHAPTER XVI. 

DEFINITION AND RELATIONS OF NATURAL CEMENTS 

Before taking up a detailed description of the materials, manu- 
facture, and properties of natural cements it will be useful to make 
some brief general statements concerning the group. In the present 
chapter, therefore, an attempt will be made to discuss the natural 
cements as a class, laying emphasis upon the points of resemblance 
of the various brands and disregarding for a time their many points 
of difference. 

The difficulties which are encountered in such an attempt are greater 
than the reader, at first sight, may imagine; for few engineers realize 
what a heterogeneous collection of products is included under the well- 
known name of “ natural cement.” The cause of this lack of knowl- 
edge is not far to seek. Natural cements are too low in value to be 
shipped, under ordinary circumstances, far from their point of pro- 
duction. The natural cement made at any given locality has usually, 
therefore, a well-defined market area within which it is well known 
and subject to lit He competition. The engineer practicing within 
such an area naturally forms his idea of natural cements in general 
from what he knows of the brands encountered in his work, and as all 
the brands from one cement-producing locality are apt to resemble 
one another quite closely, he is likely to conclude that natural cements 
are quite a homogeneous class, with many points of resemblance and 
few of difference. The truth is, on the contrary, that there may be 
far greater differences in strength, rate of set, chemical composition, 
etc., between the natural cements made in two different localities 
than between any given brand of natural cement and a Portland cement. 
This will be brought out clearly in a later chapter, where the compo- 
sition and properties of the various natural cements will be discussed 
in considerable detail. 
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In the present volume the term “ natural cements ” will l)e used to 
include all those cements which are produced by burning, without pre- 
vious mixing or grinding, a naturally impure limestone rock, i.e., a 
clayey or argillaceous limestone. As so used the term will include 
the class of doubtful products commonly known as “ natural Portland 
cements,” a class which is quite largely manufactured in Belgium 
and France. The reasons for including these “ natural Portlands ” 
with the natural cements instead of with the true Portlands are stated 
in detail in a later section of this volume. 

The definition of natural cements given on a previous page can be 
restated here to advantage. 

Definition. — Natural cements are produced by burning a natural 
clayey limestone containing 15 to 40 per cent of silica, alumina, and 
iron oxide without preliminary mixing and grinding. This burning 
takes place at a temperature that is usually little, if any, above that 
of an ordinary lime-kiln. During the burning the carbon dioxide of 
the limestone is almost entirely driven off, and the lime combines with 
the silica, alumina, and iron oxide, forming a mass containing silicates, 
aluminates, and ferrites of lime. In case the original limestone con- 
tained any magnesium carbonate the burned rock will contain a corre- 
sponding amount of magnesian compounds. 

After burning, the burned mass will not slake if water be poured 
on it. It is necessary, therefore, to grind it quite fine, after which, 
if the resulting powder (natural cement) be mixed with water, it will 
harden rapidly. This hardening, or setting, will take place either in 
air or under water. 

Relations of natural cements to others —Natural cements differ 
from ordinary limes in two very noticeable ways. These are: 

(1) The burned mass does not slake when water is poured on it. 

(2) After grinding, natural-cement powder has hydraulic proper- 
ties, i.e., if properly prepared it will set under water. 

Natural cements are quite closely related to both hydraulic limes, 
on the one hand, and Portland cement, on the other, agreeing with 
both in the possession of hydraulic properties. They differ from 
hydraulic limes, however, in that the burned natural-cement rock will 
not slake when water is poured on it. 

The natural cements differ from Portland cements in the following 
important particulars: 

(1) Natural cements are not made by burning carefully prepared 
and finely ground artificial mixtures, but by burning masses of natural 
rock. 
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(2) Natural cements, after burning and grinding, are usually yellow 
to brown in color and light in weight, their specific gravity being about 
2.7 to 3.10, while Portland cement is commonly blue to gray in color 
and heavier, its specific gravity ranging from 3.0 to 3.2. 

(3) Natural cements are always burned at a lower temperature 
than Portland, and commonly at a much lower temperature, the mass 
of rock in the kiln rarely being heated high enough to even approach 
the fusing- or clinkering-point. 

(4) In use natural cements set more rapidly than Portland cement, 
but do not attain such a high ultimate strength. 

(5) In composition, while Portland cement is a definite product 
whose percentages of lime, silica, alumina, and iron oxide vary only 
between narrow limits, various brands of natural cements will show very 
great differences in composition; while even the same brand, analyzed 
at different times, will show considerable differences in composition, 
due to variations in the natural limestone used. 

Cementation Index. — In discussing the hydraulic limes (Chapter 
XIII) attention was called to the desirability of devising some method of 
general applicability for comparing the hydraulic activity of various 
cementing materials. The defects of the old “ hydraulic index ” were 
pointed out, and a new and more satisfactory index — the Cementation 
Index — was suggested as a substitute. The value of this innovation 
will appear in the present section, for in dealing with the natural 
cements such great variations in composition are found that it is 
absolutely necessary to have some means of comparing such different 
products. 

The Cementation Index of any limestone or cement is found by 
applying the following formula: 


(2.8 X percentage silica) -f- 
( 1 . 1 X percentage alumina) -f 

. . . T i (.7 X percentage iron oxide) 

Cementation Index — — — » — - — 

(Percentage lime) -f- (1.4 X percentage magnesia) 


When this formula is applied to an unburned limestone it must be 
recollected that the percentages used in the divisor are those of lime 
(CaO) and magnesia (MgO) respectively, not those of lime carbonate 
(CaCOa) and magnesium carbonate (MgCOa). 

Example of calculation . — The methods of calculating the Cementa- 
tion Index of any product may be shown by an example, the Utica 
natural cement whose analysis appears as No. 1, Table 116, p. 244, 
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being selected for this purpose. The five essential ingredients of that 
cement, as shown by the analysis, are: 


Silica (SiO,) 19 89 

Alumina (A1A) U 61 

Iron oxide (FejOj) . I 35 

Lime (CaO) . 29 51 

MagneHia (MtfO) 20 38 

These values are substituted in the following formula: 

(2.8 X percentage silica) -f 

(1.1 X percentage alumina) 4- 

~ . T , (.7 X percent age iron oxide) 

Cementation Index = 1 - - - — - — 


(Percentage lime) -f- ( 1 .4 X percentage magnesia) 

(2.8 X 19.89) + ( 1. 1 X 1 1.61) (.7X1.35) 

(29.51) J-( 1.4X20.38) 

55.692 -f 12.771+0.945 
29.51 4-28.532 


69.408 


58.042 


= 1.19. 

As will be later seen, this value is fairly characteristic for many natural 
cements. 

Basal assumptions . — It lias previously been stated (pp. 174, 175) 
that the applicability of the Cementation Index depends upon the fact 
that it is the exact equivalent in percentage of a formula which involves 
the following assumptions: 

(1) That the hydraulic activity of any material depends on the 
formation of certain compounds of lime and magnesia with silica, 
alumina, and iron oxide. 

(2) That in a hydraulic cement, lime combines with silica in such 
proportions as to form the tricalcic silicate ( = 3CaO • SiOo) ; while it 
combines with alumina in such proportions as to form the dicalcic 
aluminate (2Ca0Si02). 

(3) That in a lightly burned natural cement at least magnesia may 
be regarded as molecularly interchangeable with lime, though of course 
the differences in their combining weights must be allowed for when 
the calculation is based on percentages. 
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(4) That iron oxide may, in similar fashion, be regarded as molec- 
ularly interchangeable with alumina. 

Use of the Cementation Index . — If the assumptions on which the 
Cementation Index is founded are well based, it is evident that the 
hydraulic properties — or, rather, the hydraulic possibilities — of a prod- 
uct are indicated by its index. A product whose index falls below 

1.00 must necessarily contain free lime or free magnesia, whatever the 
temperature at which it is burned, and such a product should therefore 
be strictly classed with the hydraulic limes, which require slaking before 
use. It will be seen later, however, that if a product contains much 
magnesia (say 20 per cent MgO or over) its Cementation Index may 
fall below 1.00 without demonstrable defects in the cement. This 
point is taken up on later pages in discussing the actual composition of 
various natural cements. A product with an index exceeding 1.00 
can be burned so as to give complete combination of all its lime and 
magnesia, leaving none free. As the index increases, the temperature 
necessary to attain such complete combination decreases, but the 
hydraulic activity of the product also decreases, until an index exceeding 

2.00 indicates a very lightly burned, but also very feeble, cement. 

Cementation Index of natural cements . — The term “ natural cement ” 

as used in this volume will cover a very large class of cementing prod- 
ucts. In the United States the name has become fairly well fixed in 
use, so that there need be little misunderstanding concerning the limits 
of the groups. In English and European practice, however, the term 
“ natural cement ” has never come into extensive use. It may there- 
fore be necessary to state that, as above defined, it includes the lightly 
burned but often high-limed cements known to the European trade as 
“ Roman cements,” “ quick-setting cements,” etc., as well as the so- 
called “ natural Portlands.” 

The differences in composition between the various cements included 
in this heterogeneous class naturally give rise to corresponding differ- 
ences in their Cementation Index. It may be said for the group taken 
as a whole that the Cementation Index of natural cements varies 
between the limits of 1.00 and 2.00, falling below 1.00 only in the case 
of certain highly magnesian cements, and that most of the natural 
cements will fall between the narrower limits of about 1.15 to 1.60. 

This variation of the Cementation Index may be used as a con- 
venient basis for subdividing the “ natural cements ” into smaller 
groups of more homogeneous character. 

A. Cements with an index between 1.00 and 1.15. These products 
when burned at sufficiently high temperature are rather slow- 



DEFINITION AND RELATIONS OF NATURAL CEMENTS. 205 


setting and high in tensile strength, including the “ natural 
Portlands ” and allied products. If not burned high enough, 
however, cements of such low index will necessarily contain 
large amounts of free lime and magnesia. 

B. Cements with an index between 1.15 and 1 .GO. These include 

most American natural cements. As the index is higher than 
in Class A, it is not necessary to burn those products at so high 
a temperature. Practically all of the Euroj)ean “ Roman ” 
cements will also fall in this subgroup. 

C. Cements with an index exceeding 1.00. These include the rela- 

tively low-limed natural cements, which carry so much clayey 
material that only a light burning is required in order to com- 
bine all their lime and magnesia. As the index rises above 
2.00, the products become feebler in hydraulic properties, 
until at about 3.00 they can be considered only as artificial 
pozzuolanas. 



CHAPTER XVII. 


RAW MATERIAL: NATURAL-CEMENT ROCK. 

Composition of natural-cement rock. — The raw material utilized for 
natural-cement manufacture is invariably a clayey limestone carrying 
from 13 to 35 per cent of clayey material, of which 10 to 22 per cent or 
so is silica, while alumina and iron oxide together may vary from 4 to 
16 per cent. It is the presence of these clayey materials which give 
the resulting cement its hydraulic properties. Stress is often care- 
lessly or ignorantly laid on the fact that many of our best-known 
natural cements carry large percentages of magnesia, but it should at 
this date be realized that magnesia (in natural cements at least) may be 
regarded as being almost exactly interchangeable with lime, so far as 
the hydraulic properties of the product are concerned. The presence 
of magnesium carbonate in a natural-cement rock is then merely inci- 
dental, while the silica, alumina, and iron oxide are essential. The 
25 per cent or so of magnesium carbonate which occurs in the cement 
rock of the Ilosendale district, New York, could be replaced by an 
equivalent amount of lime carbonate, and the burnt stone would still 
give a hydraulic product. If, however, the clayey portion (silica, 
alumina, and iron oxide) of the Ilosendale rock could be removed, 
leaving only the magnesian and lime carbonates, the rock would lose 
all of its hydraulic properties and would yield on burning simply a 
magnesian lime. 

This point has been emphasized because many writers on the sub- 
ject have either explicitly stated or implied that it is the magnesium 
carbonate of the Rosendale, Akron, Louisville, Utica, and Milwaukee 
rocks that causes them to yield a natural cement on burning. Even 
a casual consideration of the subject should have recalled to mind 
the fact that the Cumberland and Lehigh natural-cement rocks are 
practically free from magnesium carbonate. 

A limestone containing sufficient argillaceous matter to make a 
good natural cement can generally be recognized by the characteristic 
clayey odor given forth when breathed on. 

In determining in advance of actual calcination whether or not 
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a given rock will make a good natural cement the Cementation Index 
will prove of service. This can be calculated, as explained on page 204, 
from the analysis of the rock. If the value of the Cementation Index 
is over 2.00, the rock will make only a very weak sort of cement, not 
worth putting on the market as a new product in face of com|>etition 
from older and stronger brands. If, on the other hand, the Cementa- 
tion Index is less than 1.00, the rock is in most cases unavailable, for 
after burning it will contain too much free lime and free magnesia to 
furnish a safe cement. As noted earlier, however, a rock whose index 
falls between 0.80 and 1.00 can be made into an apparently safe cement 
if it contains 20 per cent or more of magnesia, by burning at a very high 
temperature. If the Cementation Index falls between 1. 00 and 2.00 it 
can be assumed l hat a natural cement of good quality can be made 
from the rock under proper conditions of burning, etc. Within these 
limits the properties of the cement will vary with the index. A rock 
with an index of 1.00 to 1.10, for example, will Require burning at high 
temperature, especially if much lime be present (i.e., over 50 per cent 
CaO). As the index rises, the temperature necessary for burning 
decreases. 

American Natural-cement Rocks. 

In the following pages analyses of the rocks used at almost all of 
the natural-cement plants of the United States will lx* given. These 
analyses are thoroughly representative of the raw materials used in 
the American natural cement industry. 

Clayey limestones of the composition required for natural-cement 
manufacture are very widely distributed, both geologically and geo- 
graphically, in the United States. There is hardly a State, in fact, 
in which natural cement of more or less value has not been made at 
one time or another. In order, however, that a natural-cement industry 
can become well established in any given locality, certain things are 
requisite in addition to the occurrence of a good natural-cement rock. 

The rock must not only be of the right composition to make a good, 
sound, and strong cement, but it must be fairly steady in composition, 
and the beds must be located favorably for cheap extraction of the 
rock, either by quarrying or by mining. Fuel must also be obtainable 
at reasonable rates. A good local market and cheap transportation 
to outside points are necessities. 

Of the many localities in the United States at which deposits of 
good natural-cement rock occur, so few possess the commercial advan- 
tages mentioned above that the important natural-cement producing 
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districts even at the time of maximum expansion of the American 
industry, were relatively few. As late as 1903, for example, there were 
still 65 natural-cement plants in operation; of these 20 were in New 
York State; 15 in the Louisville district of Indiana-Kentuckv; 7 in the 
Lehigh region of Pennsylvania; 4 in Maryland; and 3 in the Utica 
district of Illinois. The remainder were scattered at various points 
in Georgia, Kansas, Minnesota, Ohio, Texas, Virginia, Wisconsin, 
North Dakota and West Virginia. 

In the following tables analyses of practically all the rocks used 
at these localities are presented: 


Table 94. 

Analyses of Natural-cement Rock, Utica, Illinois 



l 

2 

3 

i 

5 

Silica (Si0 2 ) . . . 

12 22 

17 01 

| 21 00 

21 12 

/ 14 

Alumina (AlaO») ... . * 

9 39 

3 35 

\ 0 37 

Iron oxide (Fe 2 0 8 ) . . 

3 90 

2 39 

2 00 

1 12 

2 35 

Lime (CaO) 

21 40 

32 85 

24 30 

23 00 

20 32 

Magnesia (MgO) 

10 43 

8 45 

14 31 

15 22 

12 10 

Alkalies (K*0,Na a O) 

n d 

n d 

0 18 

n d 

0 18* 

Sulphur trioxide (SO*) 

n d 

1 81 

n d 

n d 

1 81 

Carbon dioxide (C0 2 ) 

Water 

} 38 48 

34 12 

/ 34 90 
\ 3 00 

35 35 
1.07 

34 70 

2 03 

Cementation Index .... 

1 21 

1 19 



1 11 


* Far too low, true \alue w problaby o\ or -1 per cent 


1 F W Clarke, analyst Sample collected by E O Eckel 

2 C UichnrdHon, analyst Brickbuilder, vol 6, n lf>l July, 1807 

3 Bluney and Mariner, analysts "Geology of Illinois,” \ ol 1, p lol. 
■1 Blimey, analyst Trans Am T nst Min Engrs , vol 13, p 180 

5 Average of preceding four analyses 


Table 95. 


Analyses of Natural-cement Rock, Louisville District, Ind -Ky 



l 



3 

4 

5 

6 

Silica (Si0 2 ) 

9 

09 

9 

80 

13 

05 

15 

21 

18 

33 

13 

36 

Alumina (A1 2 0 8 ) 

2 

77 

2 

03 

3 

40 

4 

07 

4 

98 

3 

40 

Iron oxide (Fe 2 0 8 ) 

1 

95 

1 

40 

1 

45 

1 

44 

1 

67 

1 

58 

Lime (CaO) 

29 

09 

29 

40 

34 

55 

33 

99 

30 

41 

31 

49 

Magnesia (MgO) 

15 

09 

10 

70 

7 

97 

7 

57 

8 

04 

11 

19 

Carbon dioxide (COj) 

40 

14 

41 

49 

35 

92 

35 

03 

32 

76 

37 

07 

Cementation Index. 

0 

018 







1 

39 | 




Analyses 1-3 inclusive were made by W A Noyes Quoted by Sicbenthal, 23th Ann Rep. 
Indiana Dept Geology and Natural Resources, pp 380-386 

1 Rock used for "Crown” brand, llausdalc mill, New Albany Cement Company. 

2 " Fern Leaf” brand, Ohio Valley mill, Ohio Valley Cement Company 

3 “ Diamond” brand, Falls City mill, Union Cement and Lime Co 

4. “ Star” brand. Speed mill, Louisville Cement Company 

6. “ “ “ “Black Diamond,” Dluck Diamond null, Union Cement and Lime Co. 
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Table 96. 

Analyses of Natural-cement Rock, Fort Scott, Kansas 



1 

I 

d 1 

4 

Siliea (Si() 2 ) 

15 21 

17 20 

21 SO 1 

IS 09 

Alumina (Al s Oj) 

4 50 

2 05 

3 70 ! 

3 44 

Iron oxide (Fe*O s ) 

n d 

5 45 

3 10 | 

4 27 

Lime (CaO) 

30 52 

;u 15 

35 00 1 

35 32 

Magnesia (MgO) 

07 

5 28 

3 50 

4 02 

Carbon dioxide (C0 2 ) 

31 27 

32 87 

33 00 

33 38 

Cementation Index 

1 

| 

1 OS 


1 Smith, Mineral Industp 

, . \ol 1. p 19 



2 Brow n, “Cement 1 >ire> t 

ory." 2d ed. 

P 270 



d Richardson, Briekhuilde 

r, \ol (>, ]> 1 

151 July, 1897 


4 Average of preceding an 

aly ses 





Table 97. 


Analyses of Natural-cement Rocks, Cumheumnd and Hancock, Maryland. 


Silica (Si0 2 ) . 
Alumina (A1 2 0j) 

Iron oxide (Fe 2 0 3 ) 
Lime (CaO) 

Magnesia fMgO) 
Alkalies (NsoO,K t O) 
Sulphur trioxide (SO*) 
Carbon dioxide (C0 2 ) 
Water 

Cementation Index 


1 J j { I « | 

5 

19 SI 

24 71 

},,, 

/ 28 72 

22 07 

7 35 

10 74 

\ 12 28 

12 12 

2 11 

0 30 

1 5 

5 22 

3 30 

35 70 

23 41 

30 40 

25 51 

30 28 

2 IS 

4 09 

2 52 

1 10 

2 47 

n d 

0 18 

0 3 

n <1 

* 

n d 

2 22 

n tl 

1 53 

* 

}3, 71 

/ 22 90 
\ n d 

31 38 
m d 

| 24 40 

27 00 

1 08 

3 15 

1 02 

3 00 

2 29 


* Data insufficient for a\eraging 


1 


Hancock, Md C Richardson, analyst Brickbuilder, w>l ft, p 151 July, 1897^ 

Cumberland, Md E C Boynton, analyst Quoted by (lillmore, “Limes, Cements, and 
Mortars," p 125 

Hancock, Md C Huso, analyst Quoted by (lillmore, “Limes, Cements, and Mortara,” 


n 125 

Cumberland, Md C Richardson, analyst Brickbuilder, vol 6, p 151 July, 1807, 
Average of preceding four analyses 
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Table 98 . 

Analyses of Natural-cement Rocks, Mankato, Minn. 




2 

3 

4 

5 

6 

Silica (SiO,) 

10 

00 

12 

14 

10 

10 

16 

80 

8 

90 

11 

80 

Alumina (A1 2 0 3 ) 

5 

85 

4 

62 

2 

78 

8 

76 

3 

30 

1 3 

46 

Iron oxide (Fe 2 0 3 ) 

2 

73 

1 

84 

1 

34 

tr 

1 

02 

tr. 

Lime (CaO) 

22 

40 

22 

66 

25 

96 

22 

20 

24 

85 

24 

64 

Magnesia (MgO) 

14 

99 

16 

84 

14 

91 

11 

99 

18 

49 

16 

61 

Alkalies (K 2 0,Na 2 0) 

0 

70 

3 

52 

3 

50 i 

4 

75 

1 

53 

2 

59 

Sulphur trioxide (S() a ) 

n 

d 

0 

13 

0 

26 

0 

22 

0 

18 

0 

22 

Carbon dioxide (CO*) 

34 

11 

39 

07 

41 

29 

35 

90 

41 

80 

40 

85 

Cementation Index 

1 

22 

0 

88 

0 

69 

1 

45 

0 

58 

0 

77 


1 C F Hidencr, analyst 11th Ann Kept, Minn Geol Surv , p 179 
2-0. Clifford Richardson, analyst Cement Directory, p 200 


Table 99 . 

Analyses of Natural-cement Rocks, Rosendale District, N Y 



1 

2 

.3 

4 



c 

; 



8 

Silica (SiOj) 

10 

90 

15 

37 

18 

11 

18 

76 

21 

32 

21 

41 

23 

80 

18 

52 

Alumina (A1 2 0 3 ) 

3 

40 

9 

13 

4 

64 

8 

34 

7 

39 

lio 

00 J 

4 

17 

6 

34 

Iron oxide (Fe 2 0») 

2 

28 

2 

.25 

3 

00 

1 

85 

1 

71 

J 10 

uy \ 

4 

71 

2 

63 

Lime (CaO) 

29 

57 

25 

50 

24 

30 

25 

96 

23 

75 

25 

80 

22 

27 

25 

31 

Magnesia (MgO) 

14 

04 

12 

35 

14 

26 

11 

07 

11 

07 

10 

09 

12 

09 

12 

13 

Alkalies (K 2 0,Na 2 0) 

n 

d 

n 

d. 

n 

d 

n 

d 

n 

d 

n < 

d 

n 

d j 

n 

d. 

Sulphur trioxide (S0 3 ) 

0 

61 

n 

d 

tr 

1 

35 

1 

90 

0 

66 

0 

90 

0 

90 

Carbon dioxide (C0 2 ) 

37 

90 

34 

20 

34 

01 

32 

00 

30 

74 


rvo f 

31 

00 

33 

31 

Water . . . 

n 

d 

1 

20 

n 

d 

n 

d 

n. 

d 

> OU 

93 < 

n 

d 

n 

d 

Cementation Index 






: 


. 







1 

43 


1. Lawrence villc J O Hargrove, analyst Letter to writer. Oct 4, 1900 

2. Rondout L C Beck, analyst “ Mineralogy of N Y ,” p 78 

3. Lawrenceville. J O Hargrove, analyst Letter to writer, Oct 4, 1900 

4. “ “ “ Oet 4, 1900 

5. “ “ “ “ “ “ Oct 4. 1900 

0. 14 Rosendale district C Richardson, analyst Brickbuilder, vol 0, p 151. 

July, 1897 

7. Lawrenceville J O Hargrove, analyst Letter to writer, Oct 4, 1900- 

8. Average of preceding seven analyses. 
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Table 100 . 

Analyses of Natural-cement Rocks, Schoharie County, N Y. 


Silica (S 1 O 1 ) 

Alumina (AljOj) 

Iron oxide (Fe 2 0 3 ) 
Lime (CaO) 

Magnesia (MgO) 
Carbon dioxiae (C0 2 ) 

Cementation Index 


' 

2 

3 

12 89 

1 11 15 | 

9 92 
n d 
n d 

ju 50 

1 50 

30 90 

38 20 

31 75 

9 38 

1 9 00 

14 91 

34 00 

39 96 

40 34 

1 07 




1 Bottom of cement -bed, Howe's Cave C O Sehaeffer, analyst I Hi h Ann Hop! N Y State 

Geologist, p (’>9 

2 Top of cement-bed, Howe’s Ca\c C () Schaeffer, analyst 18th Ann Kept N Y Stato 

Geologist, p 09 

3 Howe’s Cave L. C. Bock, uualyat, "Miaorulogy of New York,” p 79. 


Table 101 . 

Analyses of Natural-cement Rocks, Central New York. 


! 1 1 


:i i j s J .1 

Silica (Si(b) 

10 97 

10 95 1 

} 13 50 

/ 8 95 1 2 3 4 5 6 

11 70 

10 66 

Alumina (Al a ()j) 

1 40 | 

5 32 | 

\ 4 90 

2 73 

i 4 35 

Iron oxide f LV 2 0 3 ) 

1 54 

1 30 | 

1 25 

1 75 

1 50 

1 47 

Lime (CaO'i 

27 51 1 

30 92 ! 

25 24 

27 35 

25 00 

27 20 

Magnesia MgO) 

Carbon dioxide (CO*) 

1 l(i 90 

13 04 

18 80 

10 70 

17 83 

16 77 

| 37 94 

38 31 

39 80 

38 05 

i 39 33 

38 81 

Water 

| n d 

n d 

1 41 

1 70 

! 1 50 

1 53 

Cementation Index 

1 

j 





0 71 


1 Upper cement-bed, E B Alvord quarry, Jamesville, Onondaga County Bull 44 N Y State 

Mus , p 809 

2 Lower cement-bed, E B Ahord quarry, Jamesville, Onondaga County Bull 44 N Y Stato 

Mus , p 809 

3 One and one-half miles west of Manlius, Onondaga County I, C Beck, analyst “Mineralogy 

of New York,” p 81 

4 One and one-half miles southwest of Chittenango, Madison County L C Beck, analyst 

“Mineralogy of New York,” p 80 

5 Chittenango, Madison County Seybert, analyst Trans Am Philos Soc , vol 2, n a., p 229. 

6 Average of preceding five analyses 
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Table 102 . 


Analyses of Natural-cement Hocks, Akron-Buffalo District, New York, 



l 

2 

3 

4 

Silica (Si0 2 ) 

9 OR 

10 68 

33 80* 

9 85 

Alumina (A1 2 0 3 ) 

2 25 

} 461 { 

3 90 

3 10 

Iron oxide (Fe 2 0 3 ) 

0 85 

0 88 

0 87 

Lime (CaO) . 

26 84 

25 65 

19 93 

26 25 

Magnesia (MgO) 

18 37 

17 93 

9 17 

18 15 

Alkalies (K 2 0,Na 2 0) 

0 85 

n d 

n d 


Sulphur trioxide (S0 2 ) 

n d 

n d 

0 50 


Carbon dioxide (C0 2 ) 

40 33 


1 25 90 


Water 

0 98 



Cementation Index 




0 610 


* Called "mliea, clay, and insoluble silicates ” 


1 (I Steiger, analyst Bulletin 1 OH, U S Geol Survey 

2 Lathbury and Sparkman, analysts 

3 K Boynton, analyst Gillinorc, "Limes, Cements, and Mortars," p 125 
4. Average of analyses 1 und 2 


Table 103 . 

Analyses of Natural-cement Rocks, North Dakota 



l 

2 

3 

4 

5 

Silica (Si() 2 ) 

14 00 

16 60 

13 10 

1 16 20 

16 54 

Alumina (A1 2 0 8 ) 

Iron oxide (Fe 2 0 3 ) 

| 6 70 

7 10 

7 60 

7 56 

8 20 

Lime (CaO) 

37 60 

35 50 

37 80 

35 10 

35 20 

Sulphur trioxide (S0 3 ) 

0 58 

0 60 

n d 

n d 

n d 

Sulphur (S) 

1 45 

1 38 

n d 

n d 

n d. 

Cementation Index 

1 24 






Table 104 . 


Analyses of Natural-cement Rocks, Ohio 



1 

2 

3 

4 

5 

Silica (SiOs) 

39 95 

42 0 

16 41 

30 60 

15 65 

Alumina (A1 2 0 3 ) . . . 

1 20 22 | 

7 0 

5 44 

} 13 00 | 

6 8 

Iron oxide (Fe 2 Os) 

7 1 

3 38 

2 5 

Lime (CaO) 

10 06 

9 91 

26 05 

22 74 

38 64 

Magnesia (MgO) 

Carnon dioxiae (C0 2 ) 

2 92 

5 81 

12 55 

7 23 

1 62 

1 24 03 | 

14 18 

34 32 

25 81 1 

32 14 

Water and organic 

14 0 

n d 

n d. 

n. d. 

Cementation Index . 





1 25 


1 Defiance .1 E Whitfield, analyst Bull II S Geol Survey No 55, p 80 

2 Defiance It C Kedne, analyst Cement Directory 

3 Bellaire N W Lord, analyst Rcpts Ohio Geol Surv , vol 6. p 673 

4 Warnock Wormley, analyst Rept. Ohio Geol Surv , 1870, p 451 

5 New Lisbon. N W. Lord, analyst. Rept Ohio Geol Surv , vol. 6, p. 673. 
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Table 105. 

Analyses ok Natural-cement Rooks. Lkhksh District, Pa 


Silica (Si0 2 ) 

Alumina (AljQj) 

Iron oxide (Fe 2 Os) 
Lime (CaO) 

Magnesia (MgO) 
Carbon dioxide (C0 2 ) 
Water 

Cementation Index 


1 Siegfried, I’ii Mineral I n«l n^t r \ . m>I 1, i 

2 Copluy, Pa Mineral Industry. \ ol I, r> 

3 Lehigh district Quoted hv C Richards 

4 Average of preceding three analjsos 


1 'i'. . i 

3 

4 

11 62 

is 34 

27 77 

10 24 

o 25 

7 10 

11 20 

9 34 

II 20 

37 GO 

20 04 

37 25 

1 27 

1 3S 

1 57) 

1 40 

36 li 
n (1 

31 00 1 

3 01 j 

2G 30 

32 47 

o si3 

1 10 

2 X7 



' P* 

1!) 

m Brielvhuilder, \ ol 11, p 1 r >l July, 181)7 


Table 10(>. 

An AIA SICS OF \ ATUKAL-CKMENT R<>CKs, VlltUIMA 



1 


3 

Silica (Si0 2 ) 

17 3K 

17 21 

17 30 

Alumina (Al.O,) 

} 7 S0{ 

tr 

0 18 

Iron oxide (Fe>0 3 ) 

1 G2 

1 G2 

Lime (CaO) 

' 31 23 

24 85 

29 5-4 

Magnesia (MgO) 

0 51 

1G 58 

13 05 

Carbon dioxide (0O 2 ) 

30 40 

37 95 

34 17 

Comentai ion Index 



1 18 

1 Balcony Falls K C Boynton, analyst Gillmore, ” Limes, Cements, 

2 Balcony Falls C L Allen, analyst "The Virginias, " vol 3, p 88 

and Mortars,” p 125 


3 Average of preceding two analyses 


Table 107. 


Analyses of Natural-cement Rocks, Milwaukee District, Wis 



1 

2 

3 

4 

.5 

Silica (Si() 2 ) 

17 00 

17 5G 

17 5G 

1G 99 

17 28 

Alumina (A1 2 0 3 ) 

4 25 

1 41 

1 40 

5 00 

3 02 

Iron oxide (Fe 2 0 3 ) 

1 25 

3 03 

2 24 

1 79 

2 21 

Lime (CaO) 

24 G4 

25 50 

27 14 

23 15 

25 11 

Magnesia (MgO) 

Carbon dioxide (C0 2 ) 

11 90 

15 45 

13 89 

16 GO 

14 46 

32 46 

37 05 

30 45 

36 47 

n. d. 

Cementation Index 



l 


1 18 


1 Mineral Industry, vol fi, p 95 

2 Trans Am Inst Min Engrs , vol 8, p .507 

3 vol 8, p ,507 

4 vol 8, p .507 

5 Average of preceding four analyses 
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European Natural-cement Rocks. 

As noted later, the European natural-cement industry dates back 
to 1796, in which year the manufacture of natural cement was com- 
menced simultaneously in France and England. At present the indus- 
try is established in practically every country of Europe’, though it 
is of course subject to severe competition from Portland cement on 
the one hand and the better class of hydraulic limes on the other. 
European natural cements form two fairly distinct classes, which are 
there called respectively “ natural Portlands ” and “ Roman cements.” 

(1) The natural Portlands, which are described on pages 215-216 in 
detail, are natural cements of low cementation index (1.05 to 1.15 usu- 
ally), low in magnesia, and burned at fairly high temperatures. In 
consequence of the combination of their low index and relatively high 
burning, these products approach true Portland cements in analysis 
and physical properties, though they necessarily vary considerably 
from time to time according to the rock from which they are made. 
The best of these products will pass low-grade Portland tests, and were 
formerly largely exported to this country, where they were unloaded 
on the architects and engineers who specified “ foreign Portland cement.” 
The poorer “ natural Portlands ” are often adulterated with slag or 
unburned limestone, in order to make their bulk composition agree 
on analysis with that of true Portlands. 

While the “ natural Portlands ” are often useful products, there 
seems to be no reason for classing them with the true Portlands, for 
the term Portland is now understood to imply that a very careful and 
finely ground artificial mixture has been made before burning. 

(2) The Roman cements form the second class of European natural 
cements. They are usually cements of moderately high index (1.20 
to 1.60), and are also usually but not invariably low in magnesia. They 
correspond therefore quite closely, so far as index is concerned, to the 
best of the American natural cements. In American practice, how- 
ever, low-magnesia natural cements are quite rare, as can be seen by 
referring to the tables of analyses on pages 2*14 to 251, while in Europe 
high-magnesia cements are very scarce. 

In France the normal or quick-setting natural cements are called 
ciment prompt; slower-setting products are the ciments demi-lente , 
which at times approach the “ natural Portlands ” in their characters. 

Natural-cement materials of Belgium. — “ Natural Portland ” 
cement, as well as Roman cement, is extensively manufactured in cer- 
tain parts of Belgium. 
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The following analysis is representative of the composition of the 
rock from which these “ natural Portlands ” are made: 


Silica (Si0 2 ) 

15 

75 

Alumina (Al 2 Ch) .... 

3 

95 

Iron oxide (Fe 2 0 3 ) 

. 1 

00 

Lime (CaO) 

.... 43 

10 

Magnesia (MgO) 

0 

49 

Sulphur trioxidc (S0 3 ) 

... 0 

50 

Carbon dioxide (C0 2 ) 

Water 

} 35 

21 

Cementation Index 

1 

12 


It will be seen that if rock of the composition represented by the 
above analysis could be steadily obtained it would certainly be an 
excellent natural mixture for a Portland cement. In composition it 
is admirable, while its index is about that of the average commercial 
Portland. In practice, however, the variations in composition of the 
rocks from various parts of the quarry are sufficient to prevent the 
product from being sufficiently uniform to be considered a Portland 
cement in our modern use of that term. This will be seen on referring 
to the analyses of these Belgian products given on page 251. 

The chief Belgian production is in the region of Tournai. Here 
are made true artificial Portlands, “ natural Portlands,” and ordinary 
natural or Roman cements. 


Table 108. 

Analyses of Natural-cement Rocks, England 



1 

2 

3 

4 

5 

Silica (S 1 O 2 ) . 

h 

1 

[ 

18 0 

17 20 

1 

f 

21 90 

Alumina (Al 2 O s ) 


32.00i 

1 

1 

6 0 

6 8 

33 00 < 

1 

3 50 

Iron oxide (Fe 2 Oj) . ... 




3 7 

12 8 


l 

8 20 

Lime (CaO) 

35 28 

39 64 

29 34 

33 88 

32 37 

Magnesia (MgO) 

2 00 

0 10 

3 33 

2 71 

2 71 

Alkalies (K 2 0.Na 2 0) 

0 80 

n d 

1 00 

0 80 

1 10 

Carbon dioxiae. 

29 92 

29 46 

26 73 

29 61 

28 42 

Water 

n d 

1 30 

2 80 

n d 

[ 1 80 


1. Sheppey septaria Redgrave, “Calcareous Cements,” p 49 

2. Sheppey septaria Bcrtnier, analyst Burnell, "Limes, Cements, Mortars, ete ,” p 80 

3 Sheppey septaria Knauss, analyst Zwiek, " Hydraulischer Kalk und Portland-Cemente," 

p 69 

4 Harwich septaria. Redgrave, “ Calcareous Cements,” p 49 

6 Harwich septaria Knauss, analyst Zwiek, “Hydraulischer Kalk und Portland-Cements,” 
p 69 

Natural-cement materials of England. — The materials used by 
Parker, the first manufacturer of English natural cements, were septaria 
— i.e., nodules of clayey lime carbonate. These occur in certain forma- 







218 CEMENTS, LIMES, AND PLASTERS. 

rock will vary from 30 to 90 cents. Reducing this to terms of barrels 
of cement, the cost of raw material per barrel of finished cement may 
range from 4 to 13 cents. 

After the raw material has been excavated, no preliminary treat- 
ment is strictly necessary before sending it to the kilns. It is advisable, 



Fio. 39— Loading cars, Speed quarry, Speeds, Ind. 


however, to feed the kilns with lumps of approximately equal size, 
because if the charge consists of a mixture of large and small masses 
of rock the latter will be overburned before the former are properly 
calcined. In most plants this rough sizing is accomplished by sledging 
the larger pieces at the quarry. A few plants, however, use crushers, 
one installation being illustrated in Fig. 40. 

References on natural-cement rock. — The natural-cement rocks of 
the various states are described more fully in the reports and papers 
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listed below. For convenience these have been arranged by States in 
alphabetical order. 



Fio. 40 —Crusher for raw rock at Speed mill, Speeds, Ind 


United States in general. Eckel, E. C. Cement materials and cement 
industry of the United States. Bulletin 243, U. S. Geolog- 
ical Survey. 1005. 

Gillmore, (2. A. Limes, Cements, and Mortars. 

Richardson, C. Limes, hydraulic cement, mortar, and con- 
crete. Briekbuilder, vol. 0, pp. 151-153, 175-179, 202-204, 
228-229. 1897. 


California. 

Connecticut. 

Florida. 

Georgia. 


Illinois. 


Grimstey, G. P. The Portland-ccment industry in California. 

Engineering and Mining Journal, July 20, 1901. 

Lowrey, T. Water cement of Southington, Conn. Amer. 

Journal of Science, vol. 13, pp. 382-383. 1828. 
Cummings, U. Natural -cement rock in Florida. 20th Ann. 

Rep. U. S. Geol. Survey, pt. G, pp. 549-550. 1899. 
Cummings, U. Natural-cement rock at Rossville, Ga. 21st 
Ann. Rep. U. S. Geol. Survey, pt. 6, pp. 410-411. 1901. 
Spencer, J. W. The Paleozoic group of Georgia. Report 
Georgia Geol. Survey. 

Freeman, H. C. The hydraulic-cement works of the Utica 
Cement Co., La Salle, 111. Trans. Amer. Institute Mining 
Engrs., vol. 13, pp. 172-181. 1885. 
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Indiana-Kentucky. Siebenthal, C. E. The Silver Creek hydraulic limestone 
of southeastern Indiana. 25th Ann. Rep. Indiana Dept. 
Geology, pp. 331-389. 1901. 

Kansas. Haworth, E. Hydraulic cement in Kansas. Mineral Resources 

of Kansas for 1897, pp. 06-09. 1898. 

Maryland. O’Hara, C. C. Cement industry in Allegany Comity. Report 
on Allegany County, Maryland. Geol. Survey, pp. 185— 
180. 1900. 


Minnesota. 
New York. 


Ohio. 


Virginia. 

Washington. 


Upham, C. Report on Blue Earth County. Final Reports 
Minn. Geol. Survey, vol. 1, pp. 415-437. 

Bishop, I. P. The structural and economic geology of Erie 
County, N. Y. 15th Ann. Rep. New York State Geolo- 
gist, vol. 1, pp. 305-392. 1897. 

Geddes, G. Survey of Onondaga County, N. Y. Trans. 
N. Y. Agric. Soc. for 1859, pp. 219-352. 1859. 

Luther, 1). D. The economic geology of Onondaga County, 
N. Y. 15th Ann. Rep. New York State Geologist, vol. 1, 
pp. 241-303. 1897. 

Pohhnan, J. Cement rock and gypsum deposits in Buffalo. 
Trans. Amer. Inst. Mining Engrs., vol. 17, pp. 250-253. 
1889. 

Ries, II. Lime and cement industries of New York. Bulletin 
44, N. Y. State Museum, pp. 040-848. 1903. 

Bleininger, A. V. Manufacture of hydraulic cements. Bul- 
letin 3, Ohio Geol. Survey, 1904. 

Lord, N. W. Natural and artificial cements of Ohio. Reports 
Ohio Geological Survey, vol. 0, pp. 071-095. 1888. 

Anon. James River Cement Company, Va. Engineer (Lon- 
don), Sept. 29, 1899. 

Armstrong, L. K. Portland and natural cements of the 
Pacific Northwest. Mining vol. 9, pp. 134-141. 1902. 



CHAPTER XVIII. 


MANUFACTURE OF NATURAL CEMENTS. 

The manufacture of natural cement is, compared to that of Port- 
land cement, a very simple proposition from a mechanical point of view. 
Only two general processes are involved — burning and grinding. In 
the present chapter these processes will be taken up separately, after 
which a brief statement will be given as to costs of manufacture. 

Burning Practice and Theory. 

Before taking up such practical questions as types of kiln used, 
kinds of fuel, relation of fuel consumption to output, etc., it seems 
advisable to discuss briefly certain more theoretical aspects of the 
process of burning. On examination, however, it will be found that 
even these apparently theoretical phases of the subject have a distinct 
practical bearing. 

Chemical changes during burning.— The rock as it is charged into 
the kiln is a clayey limestone, consisting essentially of linn*, carbonate 
and more or less magnesium carbonate, with clayey matter (silica, 
alumina, and iron oxide). In addition to these essential ingredients 
it will usually contain a few per cent each of alkalies (soda and potash), 
sulphur or sulphur trioxide, and water. During calcination certain 
chemical changes take place in about the following order. 

Any mechanically held water is driven off before the rock has 
reached a temperature of much over 100° C. (212° F.). At about 
400° C. magnesium carbonate begins to be dissociated, its carbon 
dioxide being driven off and the magnesia remaining in its caustic 
and active form. When mixed with lime carbonate, as in natural- 
cement rock, it is probable that this dissociation does not take place 
much below 700° C. When the rock reaches 750° to 800° C. its lime 
carbonate is dissociated in like manner. At a somewhat higher tem- 
perature its clay is decomposed and combination between the alumina 
and iron oxide and the lime and magnesia commences. This is aided 
by the presence of alkalies, which here act as fluxes. 

221 
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It is probable that some natural cements are burned at tempera- 
tures not exceeding 900° C., in which case their strength depends largely 
on the formation of illuminates and ferrites. When, as in most cases, 
the temperature is carried to 1100°-1300° C., the silica is attacked and 
lime and magnesia silicates are formed. 

Relation of composition to degree of burning.— It may be set down 
as a general principle that: 

The lower the Cementation Index the higher the temperature that must 
be reached to secure thorough combination. 

A cement with an index of 2.00, for example, can be burned at a 
temperature little, if any, above that of an ordinary lime-kiln (900° C.), 
while a cement whose index falls below 1.10 will require a temperature 
almost equal to that (2300° F.) attained in a Portland-cement kiln. 

There are therefore distinct economic advantages, so far as fuel 
consumption is concerned, in making a cement with a high Cementation 
Index. It must, however, be recollected that if the burning is properly 
done , a cement of low index will be stronger than one of high index. 

By far the most satisfactory proposition to handle, from the manu- 
facturer’s point of view, is a product whose index falls between 1.20 
and 1.60. Such a rock, if properly burned, will give a cement strong 
enough to compare favorably with the best American or foreign naturals, 
while, on the other hand, there is no particular danger of making an 
unsound product. With an index between these limits the burning 
temperature may vary considerably, one wav or the other, without any 
danger of leaving too much free lime or magnesia in the clinker. With 
a cement whose index falls below 1.10 this is not true, for the margin 
of safety is so narrow that the temperature must be kept up to its 
highest point under penalty of producing unsound cement. 

Losses in burning, etc. — If all the rock fed to the kiln were perfectly 
burned, the loss in burning would correspond directly to the percentage 
of carbon dioxide (CO 2 ) plus water present in the raw rock. On this 
basis one ton (2000 lbs.) of rock would produce the number of barrels 
(280 lbs.) of cement given in Table 102. 

In actual practice, however, a very large additional percentage must 
be deducted for losses by overburning or underburning. Bad weather 
and bad management may carry this loss from clinkcring or under- 
burning to a point where one-third of the product of the kiln is spoiled. 
Improved kilns may reduce the loss from these causes to about 10 
per cent, and anything between these limits (10 per cent and 33J per 
cent) may be expected at a natural-cement plant. Under average con- 
ditions I should say that 25 per cent would be a safe allowance. 
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COj + water 

Clinker 

Cement 

For ('out 

Founds 

Darrels 

25 

1500 

5 30 

20 

1 ISO 

5 28 

27 

1400 

5 21 

2S 

1440 

5 14 

29 

1 120 

5 07 

30 

1100 

5 (H) 

31 

13S0 

4 93 

32 

1300 

1 85 

33 

1310 

4 78 

31 

1320 

4 71 

35 

13(H) 

4 04 

30 

12S0 

4 57 

37 

1200 

1 50 

3X 

1210 

4 13 

39 

1220 

1 30 

10 

1200 

4 28 


_ 



Types of kiln used. With hut few exceptions the kilns used in the 
American natural-cement industry are of the vertical continuous mixed- 
feed type.* That is to say, the rock and fuel are fed to the kiln either 
mixed together or in alternate; layers. Kilns of the separate-feed type 1 , 
in which the fuel does not come in contact with the rock but is burned 
in a separate furnace, are randy used in the cement industry. In the 
lime industry separate-feed kilns are rapidly supplanting the rnixed- 
feed kilns, but the reasons for using them in burning lime do not hold 
in burning cement. The principal advantage of tin; separate-feed kiln 
is that it gives a clean white product unmixed with fuel ashes. This 
is, of course, a distinct advantage; to a lime manufacturer, but it would 
be of little importance in the cement industry. On the other hand, 
the mixed-feed kilns are apparently more economical of fuel than the 
others. 

The attention of American natural-cement manufacturers might be 
profitably turned to consideration of some of the improved types of 
continuous kilns. The Aalborg kiln, for example 1 , described on pages 
103 -104, is used in hydraulic-lime manufacture in Europe, and gives 
remarkably good results as to fuel consumption and quality of product. 

The Campbell kiln is not, properly speaking, a new type of kiln, but 
rather a kiln containing a new type of “ pot.” In the ordinary lime 
or natural-cement kiln the pot or lower portion of the kiln is an inverted 
oval in shape, with one or more draw-chutes or doors at the side. This 

*On pp 100 to 109 will be found descriptions of the various types of kilns used 
in the lime industry These descriptions may be referred to as being of interest 
in the present connection 
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It is probable that some natural cements are burned at tempera- 
tures not exceeding 900° C., in which case their strength depends largely 
on the formation of illuminates and ferrites. When, as in most cases, 
the temperature is carried to 1100°-1300° C., the silica is attacked and 
lime and magnesia silicates are formed. 

Relation of composition to degree of burning.— It may be set down 
as a general principle that: 

The lower the Cementation Index the higher the temperature that must 
be reached to secure thorough combination. 

A cement with an index of 2.00, for example, can be burned at a 
temperature little, if any, above that of an ordinary lime-kiln (900° C.), 
while a cement whose index falls below 1.10 will require a temperature 
almost equal to that (2300° F.) attained in a Portland-cement kiln. 

There are therefore distinct economic advantages, so far as fuel 
consumption is concerned, in making a cement with a high Cementation 
Index. It must, however, be recollected that if the burning is properly 
done , a cement of low index will be stronger than one of high index. 

By far the most satisfactory proposition to handle, from the manu- 
facturer’s point of view, is a product whose index falls between 1.20 
and 1.60. Such a rock, if properly burned, will give a cement strong 
enough to compare favorably with the best American or foreign naturals, 
while, on the other hand, there is no particular danger of making an 
unsound product. With an index between these limits the burning 
temperature may vary considerably, one wav or the other, without any 
danger of leaving too much free lime or magnesia in the clinker. With 
a cement whose index falls below 1.10 this is not true, for the margin 
of safety is so narrow that the temperature must be kept up to its 
highest point under penalty of producing unsound cement. 

Losses in burning, etc. — If all the rock fed to the kiln were perfectly 
burned, the loss in burning would correspond directly to the percentage 
of carbon dioxide (CO 2 ) plus water present in the raw rock. On this 
basis one ton (2000 lbs.) of rock would produce the number of barrels 
(280 lbs.) of cement given in Table 102. 

In actual practice, however, a very large additional percentage must 
be deducted for losses by overburning or underburning. Bad weather 
and bad management may carry this loss from clinkcring or under- 
burning to a point where one-third of the product of the kiln is spoiled. 
Improved kilns may reduce the loss from these causes to about 10 
per cent, and anything between these limits (10 per cent and 33J per 
cent) may be expected at a natural-cement plant. Under average con- 
ditions I should say that 25 per cent would be a safe allowance. 
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30 lbs. per barrel of cement, equivalent to 11.3 per cent on the weight 
of the cement produced. 

At the Pembina plant in North Dakota a kiln 40 feet high and 10 
feet in external diameter is used. The shell is of |-inch No. 14 boiler 
iron. The kiln space is broadest at the top, narrows about 6 feet down 
to a throat about 6 feet in diameter, below which it again enlarges, 



Fm 44 — Kilns of the Lawrence plant, Siegfried, Pa 


reaching almost to the kiln-shell at 15 feet above the base. Below this 
it is again somewhat contracted to the drawing level. The kiln space 
is lined with 8-inch fire-brick and the space between these brick and the 
kiln-shell is filled with ashes. This kiln produces about 50 barrels of 
265 lbs. each per day, with a fuel consumption of one ton of Youghi- 
ogheny slack. Lignite slack, mixed half and half with Youghiogheny 
slack, has been used at times, and apparently gives almost as good results 
as the bituminous slack alone. About 10 per cent of the total product 
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is underburnt, or clinkered. This record is about equivalent to a fuel 
consumption of 40 lbs. per barrel, or 15.1 per cent, on the weight of 
cement produced. This is rather high fuel consumption for natural 
cement, but, on the other hand, the product is of peculiarly high grade, 
passing most Portland standards. 

The natural-cement kilns at one of the prominent Lehigh district 
plants are about HO feet in height and of circular cross-section. In- 
ternally they are almost exactly cylindrical, being 10 feet in diameter 
at the top and 9J feet in diameter at the base. The cement rock and 



fuel are fed in alternate layers, the fuel being anthracite coal broken 
to about 2 -inch size. From Ho to 50 lbs. of coal are required to burn 
one barrel (H00 lbs.) of cement, corresponding to a fuel consumption of 
11.0 to 10.7 per cent of the weight of cement produced. 

Two styles of kiln are in use in the Louisville district. The older 
and smaller kilns are HO feet in height, 8 feet in diameter at the top, 
enlarging to 12 feet at a point 21 feet above the base and again con- 
tracting to 4 feet at the base. These are drawn from a chute by use 
of a swinging gate or apron. Coal and rock are charged in alternate 
layers. About a week suffices for the passage through the kiln of any 
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particular mass of material. These small kilns produce about 100 to 
125 barrels (265 lbs. each) of cement per day. 

The larger kilns are 51 feet from extreme base to top. Viewed 
from the outside they appear to be cylinders 54 feet high and 16 feet 
in diameter. Their interior space, however, is 10 feet in diameter at 
the top, enlarging to 12 feet at a point 18 feet above the base. Below 
this level, though the interior walls still slope outward, the space is 
really contracted by the occurrence of a conical mass of brickwork in 
the center of the kiln. This cone throws the downcoming clinker toward 



Fio. 46. — Kilns and kiln-housing, Speed plant, Speeds, Ind 

the draw-gates at the sides. A 9-inch lining of fire-brick is set around 
the kiln space proper. This is followed by 9 inches of common brick, 
and the space between the common-brick lining and the exterior kiln 
shell (which is J-inch iron) is filled with clay. A kiln of this size and 
type will produce 150 barrels of cement per day. 

The coal used in these kilns is bituminous nut and slack mixed from 
Pittsburgh or Jellico. About 25.6 lbs. of coal are required to burn a 
barrel of cement (265 lbs.), equivalent to a fuel consumption of about 
9.5 per cent on weight of cement produced. 

In the Rosendale district cylindrical kilns are used. These vary 




manufacture of natural cements 


229 


from 8 to 12 foot in diameter and from 20 to 36 feet in height. A kiln 
fed with one-half ton of anthracite, pea size, will give 75 to 80 bar- 
rels of cement per day. This is equivalent to a fuel consumption of 
about 7 per cent on the weight of cement produced. From one-fifth 
to one-third of the total produce of the kiln may be overburned clinker 
or underburned rock. This item, however, depends largely upon the 
skill of the burners, though it is also affected by uncontrollable factors, 
such as temperature, weather conditions, force, and direction of the 
wind, etc. 

The kilns in use in the Utica district in Illinois are elliptical in cross- 
section (plan), with vertical walls. The largest kilns of this type are 
30 feet in their longest inside diameter and 12 feet wide. Their total 
height with foundation is 50 feet, giving a clear height of 45 feet from 
bottom of draw-hole to top of kiln. These kilns turn out 400 barrels 
(265 lbs. each) of cement per day, taking IS to 20 lbs. of coal per barrel 
of cement. This corresponds to a fuel consumption of only 6.8 to 7.5 
per cent. 

The second size of Utica kilns is 20 feet by 9 feet in its inside diam- 
eters. The smallest size is, like the others, elliptical, with inside diam- 
eters of 14 and 7 feet, respectively, and a height of 32 feet from top 
of bridge wall to top of kiln. These kilns turn out 300 to 375 barrels 
per day. 

All the diameters quoted above arc internal measurements. The 
kiln-shell proper is of }-inch sheet, iron. This is lined, successively, with 
an 18-inch layer of ashes, 18 inches of stone or common brick, and 9 
inches of fire-brick. 

The kilns in the central New York district are described * as egg- 
shaped, 10 feet in diameter at the top, 12 feet at the middle, and 3$ 
feet at the bottom, with a height of 28 to 42 feet. “ There are usually 
several kilns built together in an embankment of very heavy masonry, 
so constructed against a hillside that the raw material can be conven- 
iently conveyed there from the quarry and the burned cement easily 
removed from the bottom of the kiln.” The kilns are built of lime- 
stone and lined either with sandstone or fire-brick. “ When a kiln 
is ready to be filled a cord of dry, hard, 4-foot wood is put into the bot- 
tom and covered 4 inches deep with coarse anthracite coal, then a 
layer 1 foot thick of cement rock, succeeded by another layer of coal 
partly coarse and partly fine. This is repeated till the kiln is filled 
to the top, which required about 10 tons of coal and 15 cords of stone, 

* Luther, D D The Economic Geology of Onondaga County, New York. 
15th Ann Rept N. Y. State Geologist, vol 1, pp. 241-303 1897 
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equal to 1500 bushels of cement. Then the fire is started at the bottom 
and gradually works its way upward until the whole mass is glowing 
with heat. After two or three days the gate or door in the bottom is 
opened and through it the burned cement rock is drawn to the amount 
of 250 to 300 bushels per day, fresh coal and rock being constantly 
added to keep the kiln full to the top. One cord of cement rock makes 
100 bushels of cement.” 

Rios states that two types of kilns are in use at the Cummings 
plant at Akron, Erie County, N. Y. Of seventeen kilns in use there 
at the time of his visit, eight were of rectangular cross-section, 9 by 22 
feet in area, with a height of 34 feet. The remaining nine were cir- 
cular in cross-section, with a diameter of 9 feet and a height of 34 
feet. 

Two types of kilns are in use in the Fort Scott district, Kansas. 
The more common type is cylindrical, 10 to 12 feet in diameter and 30 
to 40 feet in total height. The lowin' 10 feet or so is of stone, on which 
is set the kiln proper. This is constructed of ,Vinch sheet iron, lined 
with successive layers of coal ashes, clay, common brick and fire-brick. 
These kilns are drawn daily, and yield 00 to 75 barrels of cement each per 
day. The fuel used is slack coal, either Arkansas semi-bituminous 
from Poteau or Huntingdon or a very sulphurous local coal which under- 
lies the cement rock at Fort Scott. The coal is fed with the rock, and 
is used at the rate of 30 to 35 lbs. per barrel of cement, equal to a fuel 
consumption of 11.3 to 13.2 per cent on the weight of cement produced. 
At a three-kiln plant the burning is managed by five men — two feeding 
and three drawing the kilns. 

At one of the Fort Scott plants four flame-kilns arc also in use. 
These have separate fireplaces, so that the fuel and cement do not come 
into contact. Lump coal must be used for those kilns, and they are 
said to be more expensive, both in labor and fuel, than the type above 
described. 

The kilns at the plant of the Howard Cement Company, in Georgia, 
are of the familiar dome type commonly used in lime and natural- 
cement burning, and arc six in number. Four are jacketed with steel 
and lined with fire-brick, the space between the jacket and the lining 
being filled with clay. The two remaining kilns differ from these only 
in the fact that in place of the steel jacket their exterior surfaces are 
laid up with rock. These rock-jacketed kilns are said to be somewhat 
more satisfactory than those of the steel- jacketed type. 

All the kilns are 25 feet in height and have an output of 60 barrels 
of cement each. The kilns are charged to the top with fuel and cement 
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rock, in the proportion of about 300 lbs. of fuel to 2500 lbs of rock. 
The fuel used is coal, the "i/.es being nut, pea, and slack in about equal 
amounts. Seven or eight days are required, on the average, to “ turn 
a kiln,’’ including charging, burning, and drawing. This corresponds 
to a fuel consumption of about IS per cent on the weight of cement 
produced. In explanation of this high fuel account the reader is 
referred to the discussion on page 222, where it is shown that the 
amount of fuel used necessarily increases with the percentage of lime 



and magnesia. A high-limed cement- and the Howard cement is 
exceptionally high in lime— therefore requires a very high fuel con- 
sumption. 

Fuel consumption. — The fuel consumption in natural-cement plants 
is extremelv variable, as is shown by the results tabulated below. The 
variation is caused in some parts by differences in kiln management 
and character of fuel, but more largely to differences in the composi- 
tion of the cement. The cements of lowest index demand calcination 
at high temperatures, while those of high index may be burned at very 
low temperature. 
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Table 109. 

Fuel Consumption in American Natural-cement Plants. 


Mill 

Kind of Fuel 

Pounds Fuel 
per 100 Lbs 
Cement 

A 

Bituminous nut and slack 

9 5 

b 

Coke 

10 0-10 7 

c 

Bituminous nut and slack 

li :$ 

D 

Bituminous slack . 

11 3-13 2 

E 

Anthracite nut 

11 0-1(5 7 

F 

Bituminous slack 

15 1 

G 

Anthracite nut 

17 8 

H 

Bituminous nut, pea and slack 

18 0 

I 

Anthracite pea 

7 0 

J 

Bituminous nut and slack 

0 (> 

K 

Anthracite pea and slack 

22 0 


Hard and soft clinker. — When a natural-cement kiln is drawn, part 
of the product will consist of hard, clinkered material, part of softer, 
porous, moderately burned stuff, and part of cores and masses of prac- 
tically unburned rock. The relative proportions in which these three 
grades are present will be determined by the type of kiln and the 
care with which the burning has been conducted. The differences in 
burning arc of course due to some extent to the fact that the masses 
of rock fed into the kiln differed among themselves in composition; but 
they are mostly due to the different extent to which the masses have 
been exposed to the heat of the fuel. 

The facts above stated are obvious enough, and the matter might 
be passed over without further notice if it were not the case that with 
some rocks the clinkered product will give the best cement, while with 
other rocks the medium-burned part of the product is the best. This 
fact certainly requires both consideration and explanation. 

The facts themselves are beyond question. In the Kosendale dis- 
trict, for example, from 10 to 20 per cent of the output of the kiln is 
clinkered material. This clinker is thrown away, for experiments 
have shown that it does not give a cement nearly as good as the mod- 
erately burned product. In the Akron-Buffalo district, on the other 
hand, the hard, clinkered parts of the product are carefully separated 
and ground; for experience has shown that, these clinkers give a much 
stronger cement than the softer, more porous masses. These separate 
facts have been noted by many writers, but no explanation has been 
offered. 

The following seems to explain the difference in practice satisfac- 
torily. It has been noted above that the lower the Cementation 
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Index the higher the temperature necessary to secure perfect combina- 
tion of the lime and clay. The Rosendale rock, where the Cementa- 
tion Index averages around 1.50, will therefore be properly burned 
at a much lower temperature than the Akron rock, where the index falls 
below 1.10. But a low temperature means low fuel costs, and so there 
is not the temptation to economize on fuel in burning a rock of high 
index that there is in burning one of low index. When rocks of high 
index are burned, therefore, the temperature and the fuel supply will 
often be allowed to exceed their proper amount, resulting in the pro- 
duction of clinkered material which has been burned higher than was 
necessary and is therefore inferior. But in burning a rock of low index, 
it will be necessary to almost clinker the material before perfect com- 
bination is secured. Because of the natural tendency to economize 
on fuel, the temperature will usually be carried a little lower than is 
necessary. The result is that in burning rocks of low index the 
clinkered material is correctly burned and gives the best cement, 
while the softer masses are really underburned and therefore 
inferior. 

The respective values of the hard and soft parts of the product 
will therefore depend on the Cementation Index. The following seems 
a fairly satisfactory statement of the case. 

(a) When burning a product having an index lower than 1.10, the 
clinkered portions will furnish the best cement. If separated and 
ground to proper fineness, they will give a cement approximating to 
Portland m its physical properties. 

( b ) When burning a product where the index is between 1.10 and 
1.25, the clinkered portions and the softer masses will probably lie of 
almost equal value. 

(c) When burning a product where the index is above 1.25, the 
clinkered portions may be rejected as worthless; and when the index 
rises above 1.60, even some of the softer masses may be overburned, 
unless the temperature be kept sufficiently low. 

Seasoning and slaking. — It is obvious that in burning a natural 
rock in a kiln whose temperature cannot be controlled closely, there 
are opportunities for great differences between the degree of burning 
which the rock should have received and the degree which it actually 
does receive. When the Cementation Index of the product is very 
high — over 1.60 for example — even a light burning will suffice to decar- 
bonate all of the limestone and to secure combination of the lime with 
the clayey matter. This is especially true if the silica is comparatively 
low and the alumina and iron oxide high. A rock of this general type 
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can therefore vary quite widely in composition and degree of burning 
without running any risk of turning out an unsound product. 

As the percentages of lime and magnesia rise, however, the problem 
becomes more difficult, and when the index falls below 1.20 a com- 
paratively slight variation in the composition of the rock or in the 
degree to which it is burned is apt to give a product containing too 
much free lime for safety. 

When this condition — the presence of free lime or magnesia in the 
product— occurs frequently, the manufacturer has three options. He 
may (1) burn at a higher temjxjrature, (2) look for a lower-lime rock, 
or (3) slake the free lime in some wav. The first choice would usually 
be the best, but in nine cases out of ten the manufacturer will take 
the third, as being apparently the cheapest. 

Free lime in a natural cement may be neutralized either by aerating 
the ground cement or by sprinkling or steaming the unground clinker. 
When aeration is practiced, the ground cement must be exposed to 
the air as freely as possible. This implies that it should be spread 
out, rather than placed in deep bins, and consequently requires con- 
siderable floor-space and manual labor. Steaming or sprinkling the 
unground clinker requires less space and labor, but can' must be taken 
that excess of steam or water is not allowed to reach the cement. The 
ideal aimed at is to supply sufficient moisture to slake the free lime, 
but to leave the alumina! cs and silicates untouched. Simple storage 
of the clinker, with free access to the air, will often accomplish this 
result. An incidental benefit to the manufacturer which comes from 
slaking the clinker (either by steaming, sprinkling, or storage) lies in 
the fact that the lime in slaking helps to disintegrate the clinker and 
thus reduce the cost of grinding. 

Grinding the Clinker. 

When natural cement was first manufactured in this country, the 
millstones used at flour-mills were the only available fine grinders. 
Grinding practice at natural-cement plants was therefore soon estab- 
lished in a form which has persisted at many plants to the present 
day. Quite recently, as Portland cement competition became crush- 
ing, some improved methods were adopted. 

Until quite recently, grinding practice was almost uniform. The 
burned rock was sledged if necessary, fed through a cracker or other 
comparatively coarse reducer, and finished on millstones of one type 
or another. Within the past few years modern grinding machinery 
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has been introduced at a few plants and has given such satisfactory 
results that no natural-cement manufacturer can afford to disregard 
the innovations. 

The gain in strength due to increased fineness of grinding is well 
shown by the following data, for which I am indebted to the Western 
Cement Company, of Louisville, Ky. Some time ago this company 
replaced millstones in one of its best plants by tube mills, and increased 
the fineness from about 76 per cent through a 100-mcsh sieve to about 
90 per cent through 100-mesh. With mortar briquettes, 1 cement and 
2 sand, this gave the following results: 


FinonoHH 

through 

100- mesh 

7 Days 

2K Days 

70 per cent 1 
90 “ “ 

03 lbs 

128 “ 

124 lbs 

188 “ 


Actual mill equipments. — The variations in practice which now 
exist can best be understood by reference to Ihe following data on the 
actual equipments of a number of the best American mills: 


Mill 1. a. 

1 Gates crusher. . . . 

b. 

2 Lindhard kominuters 

c. 

2 Davidscn tube mills 

Mill 2 o. 

5 McEntee crackers 

b 

16-run Esopus millstones 

Mill 3. a. 

1 coarse pot crusher . . . 

b. 

1 fine pot crusher . . . 

c. 

1 Williams mill 

Mill 4 a. 

1 Williams mill 

b. 

1 16-foot Bonnot tube mill 

Mill 5. a. 

Sturtevant crushers 


Mill 6 
Mill 7. 

Mill 8. 
Mill 9. 


1500 bbl.s per day 


I 1000 bbls per day 

) 200 bbl.s per day 
f (run only about 
J one third time) 

} 100 bbls per day 


b. Cummings grinders 

c. 10-run millstones, iron plates 

d. 10-run Esopus millstones 
a. Pot crushers 

b Esopus millstones 

a. 1 Gates crusher 

b. 2 dry-pans 

c 1 Davidscn tube mill 

a. 1 pot crusher 

b. 1 Williams mill 

a. Stedman disintegrators 

b. Griffin mills 


800 bbls. per day 
J 500 bbls. per day 
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Power required in grinding. — The total horse-power hours required 
for crushing and grinding a barrel of natural cement will depend on 
(a) the hardness of burning, (b) the fineness of the product, and (c) 
the character of the machinery used. 



a 

U 


A 

X. 


10 

o 

£ 


In the table below are given the H.P. hours required to mill a bar- 
rel (280 lbs.) of natural cement at eight leading plants. The condi- 
tions which affect the power are also briefly noted. 
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Table 110. 


Power Required in Grinding Natural Cement. 


Mill 

11 p 

Hours per 
Parrel 
(2 HO LbH ) 
Cement 

Burning 

Product 

Milling Maehinery 

1 

t r> 

Fairly hard 

Medium 

Crushers and millstones * 

2 

2 3 

Medium 

Fine 

Dry-pan and tube mills 

3 

2 7 

Very light 

Fine 

Crackers and tube mills 

4 

2 2 

Medium 

Fine 

Kominuter f and tube mills 

5 

3 5 

Fairly hard 

Medium 

Crackers and millstones 

6 

2 9 

Medium 

Medium 

Crusher and Williams mill 

7 

f> 25 

Very hard 

Very fine 

Williams mill and tube mill 

8 

5 2 

Very hard 

Fine 

Cracker and millstones 


* Excellent separating system 
f Not run to full capacity 


Fineness actually attained. — Until quite recently the grinding of 
an American natural cement was rarely carried further than was neces- 
sary to pass 95 per cent of the material through a 50-mesh sieve. There 
was no particular demand from the engineers for a more finely ground 
natural cement, and most of the manufacturers merely lived up to the 
requirements of the average specification. These latter varied con- 
siderably, as may be seem from the following table, but in only a few 
cases was a greater fineness demanded than 85 per cent through a 
100-mesh sieve. 

The average requirements, then, were low, and the average cement 
just about passed the requirements. In some cases, however, a higher 
standard was maintained by the cement manufacturer than by the 
engineer. The “ improved ” natural cements of the Lehigh district, 
most of which are made by mixing Portland and natural cement in 
various proportions, naturally showed the effect of the very finely ground 
Portland, and at a few other plants rather fine grinding was practiced. 

Table 111. 


Fineness Required hy Various Specifications. 


Specification 

Per Con 

t Required to Pass. 

.50- mesh 

100-mesh 

200-rnesh 

Engineer Corps, USA, 1901 


80 


New York State Canals, 1890 

90 

80 


Rapid Transit Subway, New York City, 19(H)— IDO 1 

95 

85 


Philadelphia Dept Public Works, 1893 

90 



“ “ “ 1894, 1895 

99 

85 

60 

“ “ “ “ 1890,1897 

99 

90 

70 
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The figures given below represent the results obtained * by very 
careful sizing of three different brands of natural cements. In making 
these tests Mr. Bleininger used sieves for the coarser sizing and a 
washing method for the finer work. 

Tablk 112. 


Fineness of Thkeb Brands Nvtcku, Cement (Bleininoek ) 


No 

Ilcdiirrd im 

Residue 

l)tl 

SO- Ml oh 
Sie\ (« 

Residin' 
on 120- 
rn/'sh 
Sio\ o 

R( Milne 
on 200- 
inesh 
Sio\ e 

I )inin 
between 
0 (MIS 
mill 

0 (M)2 

1 iicli 

Dm in 
bet ween 
0 002 
mill 

0 0002 

I IK It 

Dimn 

between 
0 (KMM 
ami 
(1 0007 
In. 1. 

Finer 

than 

I.liMt 

Sute 

Total 

Coarser 

than 

2(X>- 

rneah 

1 

' Millstones 

i 7 36 

0 93 : 

1 3 53 

| 10 12 

13 08 

11 74 

31 04 

20 82 

2 

Tube mill 

10 53 

| 12 85 

8 50 

11 30 

22 15 

20 72 

13 85 

31 89 

3 

Millstones 

12 50 

11 50 

! 4 29 

10 52 

21 05 

17 12 

15 70 

28 37 






i 











Packing weights. In packing natural cements several different 
standards of weight are in existence in various localities. In the Kosen- 
dalc, Howe’s Cave, and Akron districts the standard barrel weighs 
atxnit 320 lbs. gross or 300 lbs. net. In the Lehigh district of Penn- 
sylvania the gross and net weights are usually 300 and 280 lbs. respect- 
ively. In the Louisville, Utica, Milwaukee, Fort Scott, and other 
western districts the standard is a barrel weighing about 285 lbs. gross 
or 205 lbs. net. The recent specifications of the American Society for 
Testing Materials require packing in bags of 94 lbs., three bags to a 
barrel. 

Exceptions to these general rules occur. The Howard cement of 
Georgia is naturally so low in specific, gravity that an eastern natural- 
cement barrel will contain only about 240 lbs. of Howard cement. 
The Pembina cement of North Dakota is, on the other hand, packed at 
the regular Portland weight of 380 lbs. net per barrel. 

Costs of Manufacture. 

The items which go to make up the total costs of natural-cement 
manufacture are (a) cost of quarrying for mining the rock, (b) cost of 
labor at kilns and mill, (c) cost of fuel for kilns and power, (d) interest, 
etc., on plant. Many of these points have been touched on in the 
earlier portions of this and the preceding chapter, and will only be sum- 
marized briefly below. 

Cost of raw material.— The cost of excavating the raw material has 
been discussed in a preceding chapter (pages 217-218). In the foilow- 
* Transactions American Ceramic Society, vol 5 , p. 100. 
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ing estimates the figures there given will be taken as a basis for cal- 
culation. It was stated that the cost of raw material, delivered at the 
kiln, might range from 4 to 13 cents per barrel of finished cement. For 
our present purposes this range in cost can be decreased somewhat, 
for at most plants the minimum and maximum limits may be taken 
as 5 and 10 cents respect ively. 

Labor costs. — In estimating labor costs it may be accepted for 
the majority of natural-cement plants that the output will vary between 
5 and 10 barrels per day per man employed, counting the men in the 
mine or quarry as well as those in the mill. As the cost of quarry 
labor in the present calculation lias been already charged against the 
cost of raw material, the mill force alone should be considered here. 
Examination of a number of plants proves that the output varies 
between 12 and 22 barrels per day per man, counting all men employed 
around the mill and kilns, but excluding quarrymen, miners, and 
teamsters engaged in hauling rock to the mill. 

Fuel costs. — It is probably sufficiently accurate to assume that in 
the average natural-cement mill the consumption of fuel in the kilns 
may range from 20 to 65 lbs. coal per barrel of cement. An additional 
8 to 20 lbs. of coal will be required to furnish power for grinding and 
other mill operations. The total coal consumption may therefore vary 
from 28 to 85 pounds per barrel of cement. In cost coal may easily 
vary from $ 1 to $1 per ton, and these figures have been used as the 
limits in the calculations below. 

Total costs per barrel. — Using the above data as a basis, the fol- 
lowing estimates of the total costs of manufacture have been prepared. 

Table 113. 

Estimates op Cost of Natural-cement Manufacture. 



Min 

Max 

Rock at mill . 

$0 05 

$0,10 

Labor at mill 

. 0.06 

0.17 

Coal for kilns 

... 0.02 

0.12 

Coal for power 

.. . 0.02 

0.05 

Interest, supplies, etc 

.. 0.03 

0 06 

Total 

$0.18 

$0.50 


Though the minimum quoted may seem surprisingly small, it is 
very close to the actual costs attained in a prominent district. The 
above costs do not, of course, include the cost of packing materials, 
though they do include the labor involved in packing. This distinction 
has been made because barrels and sacks are usually charged for at a 
sufficient price to give a small profit on their use. 
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The figures given below represent the results obtained * by very 
careful sizing of three different brands of natural cements. In making 
these tests Mr. Bleininger used sieves for the coarser sizing and a 
washing method for the finer work. 

Tablk 112. 


Fineness of Thkeb Brands Nvtcku, Cement (Bleininoek ) 


No 

Ilcdiirrd im 

Residue 

l)tl 

SO- Ml oh 
Sie\ (« 

Residin' 
on 120- 
rn/'sh 
Sio\ o 

R( Milne 
on 200- 
inesh 
Sio\ e 

I )inin 
between 
0 (MIS 
mill 

0 (M)2 

1 iicli 

Dm in 
bet ween 
0 002 
mill 

0 0002 

I IK It 

Dimn 

between 
0 (KMM 
ami 
(1 0007 
In. 1. 

Finer 

than 

I.liMt 

Sute 

Total 

Coarser 

than 

2(X>- 

rneah 

1 

' Millstones 

i 7 36 

0 93 : 

1 3 53 

| 10 12 

13 08 

11 74 

31 04 

20 82 

2 

Tube mill 

10 53 

| 12 85 

8 50 

11 30 

22 15 

20 72 

13 85 

31 89 

3 

Millstones 

12 50 

11 50 

! 4 29 

10 52 

21 05 

17 12 

15 70 

28 37 






i 











Packing weights. In packing natural cements several different 
standards of weight are in existence in various localities. In the Kosen- 
dalc, Howe’s Cave, and Akron districts the standard barrel weighs 
atxnit 320 lbs. gross or 300 lbs. net. In the Lehigh district of Penn- 
sylvania the gross and net weights are usually 300 and 280 lbs. respect- 
ively. In the Louisville, Utica, Milwaukee, Fort Scott, and other 
western districts the standard is a barrel weighing about 285 lbs. gross 
or 205 lbs. net. The recent specifications of the American Society for 
Testing Materials require packing in bags of 94 lbs., three bags to a 
barrel. 

Exceptions to these general rules occur. The Howard cement of 
Georgia is naturally so low in specific, gravity that an eastern natural- 
cement barrel will contain only about 240 lbs. of Howard cement. 
The Pembina cement of North Dakota is, on the other hand, packed at 
the regular Portland weight of 380 lbs. net per barrel. 

Costs of Manufacture. 

The items which go to make up the total costs of natural-cement 
manufacture are (a) cost of quarrying for mining the rock, (b) cost of 
labor at kilns and mill, (c) cost of fuel for kilns and power, (d) interest, 
etc., on plant. Many of these points have been touched on in the 
earlier portions of this and the preceding chapter, and will only be sum- 
marized briefly below. 

Cost of raw material.— The cost of excavating the raw material has 
been discussed in a preceding chapter (pages 217-218). In the foilow- 
* Transactions American Ceramic Society, vol 5 , p. 100. 
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high; and the cement is of low Cementation Index, and therefore 
requires a very large amount of fuel, averaging about 65 lbs. of coal 
per barrel. 

Production of natural cement, United States. — The natural-cement 
industry of the United States, commencing in 1819, the new material 
being used in the Erie Canal construction, grew quite steadily for many 
years. Its maximum output was reached in 1899, when almost ten 
million barrels of natural cement were made. But at just that period 
the American Portland cement industry was commencing its remark- 
able growth, and within a decade after its year of maximum output 
American natural cement had fallen off to a very low figure indeed. 
Statistics covering output over a long series of years are presented 
in Table 115 following: 


Table 115. 

Production of Natural Cement, United States, 1818-1920. 


Period 

Total Barrels 

Period 

Total Barrels 

1818-18:10 

1830-1840 

1840-1850 

1850-1800 

1800-1870 

1870-1880 

1880-1889 

1890-1899 

1900-1909 

1910- 

300,000 

1,000,000 

4,250,000 

11,000,000 

10.420. 000 
22,000,000 

43.403.000 

80.700.000 

50, 050, (XX) 

1,139,239 

1911 

1912 

1913 

1914 

1915 
1910* 
1917* 
1918* 
1919* 
1920* 

920,091 

821,231 

744,058 

751,285 

750,803 

842,137 

039,450 

432,900 

528,589 

015,000 


* Including also slag-cement output for the years 1010 and later. 




CHAPTER XIX. 


COMPOSITION AND PROPERTIES OF NATURAL CEMENTS 

The preceding chapters will have failed of their purpose if the 
reader does not now realize that the cements commonly grouped as 
“natural cements” differ so widely among themselves as to almost 
prevent any general statement being made in regal’d to the group. 
These differences have appeared in the composition of the various 
cement rocks, in the degree of burning to which they were subjected, 
and in the condition of the mass which resulted from this burning. 
They will appear still more markedly, however, in the composition 
and properties of the finished products. 

In the present chapter data will be presented bearing on these sub- 
jects, but they will be treated as illustrating certain points in connection 
with the processes of manufacture rather than as guides to the testing 
or uses of the cements. The chemical composition of the natural 
cements will first be taken up, after which their physical properties 
will be noted. 

Chemical Composition of Natural Cements. 

A large series of analyses of natural cements, both American and 
foreign, are given in the following tables. For convenience of reference 
these analyses are given by States arranged in alphabetical order. The 
Cementation Index has been calculated for a number of these products, 
and is given in the bottom line of each table. 

Georgia . — The two Georgia brands whose analyses arc* given in Table 
116 differ widely in composition and index. The Howard cement is of 
very low index, much like that from Akron, N. Y., and carries 14 to 20 
per cent of magnesia. The Chickamauga cement (Dixie brand) is, on 
the other hand, of medium high index, and runs very low in magnesia, 
like the natural cements of the Lehigh district and of France. 

Illinois . — The Utica cements are quite close in composition to those 
from the Rosendale district, N. Y., but run somewhat lower in index. 

Indiana- Kentucky— The Louisville cements are of moderate index 
and average about 11 per cent magnesia. 

243 
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Table lift. 


Analyses of Natural Cements, Georgia 


Silica (Si<> 2 ) . 
Alumina (Al 2 () 3 ) 
Iron oxide (Fe 2 <) 3 ) 
Li mo (CaO) 
Magnesia (MgOj 

Cementation Index 


I 


1 1 

2 

:i 

i 22 58 

19 ft() , 

27 08 

j 7 2d 

3 35 

{ 11 GO j 

9 10 

2 52 

, ! 48 18 

i ' 48 85 

57 90 

15 (X) 

18 14 

2 52 

; i cxi 

0 895 

1 44 


1 " Howard ” quoted l>v (’umnimgK, “ Amorioan CemonlH,” p X r > 

2 “ W M Bonron, iimilynt Pmutoly commumcatod 

3. "Dixie” (Judd & Co , anulyili Manufutturer’a circulur 


Table lift A. 


Analyses of Natural Cements, Utiu\, Illinois 



1 

2 

:i 

1 

ft 

6 

Silica (Si() 2 ) 

19 89 

27 IK) 

34 00 

35 43 

27 00 

29 01 

Alumina (Al*O a ) 

11 01 

10 00 

5 10 

| 9 92 

f 2 70(?) 

2 34 

Iron oxide (Fo 2 (h) 

1 35 

0 80 

1 (K) 

{ 2 10 

1 50 

Lime (CaO) 

29 51 

33 01 

30 24 

33 07 

29 99 

29 74 

MagneHia (MgO) 

20 38 

17 20 

18 00 

20 98 

19 79 

20 81 

Alkalies (K 2 (),Na 2 0) 

5 90 

7 42 

0 10 


1 77 

n d 

Carbon dioxide (CO*) 
Water . 

n d 
n (1 

| 2 (K) 

4 84 


15 90(?) 

14 97 

Cementation Index 

1 19 

1 



I 


1 Haas and Mvtli 

2 Quoted by Cum 

•aw, amilyat 
iminK*, " Ai 

;s Eukiuoi 
lUTioaii (Vn 

•rniK News, Apr.l .10, 1K<)<5 
tenti," p .1(5 



;i " " " “ “ p ;i»5 

4 J V Blimey, analyst Trans, Am Inst Mm Kngra , vol LI, p ISO 
. r > C Bielmrdson, analyst Brieklniilder, vol <1, p 229 
(5 J W Skinner, analyst Pri\ ately eoimnumeated 


Kansas . — Thu natural cements from the Fort Scott district of Kansas 
are quite close in magnesia percentage and index to those of the Louis- 
ville district, as can be seen on comparing the analyst's given in Tables 
111 and 112. 

Maryland . — The Cumberland and Hancock cements are of particu- 
larly high index, carrying large percentages of clayey matter and 
practically no magnesia. 

Minnesota . — Both brands of Minnesota cements are high in mag- 
nesia and of very low index. 

New York . — The cements of the Roscndale district are the typical 
American natural cements, with rather high index, and canying 15 
to 20 per cent of magnesia. 
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Table 117. 


Analyses of Natural Cements, Louisville District, Im»-Ky 



i 

2 

d 

4 


Silica. (SiOj) 

IS 92 

21 10 

22 54 

2d 29 

24 40 

Alumina (AljOO 

11 02 

1 7 7>0 ! 

l t 

S 24 

5 90 

| 0 20 

Iron oxide (Fe 2 O s ) 

1 91 

2 11 

2 10 

Lime (CaO) 

41) 90 

11 10 

42 dl 

41 2S 

41 SO 

Magnesia (MgO) 

0 97 f 

7 (H) 

5 d9 

15 d9 

10 29 

Alkalies (K,(),Na s O) 

n d 

t) SO 

2 S2 

1 98 

1 52 

Carbon dioxide (CO*) 

n ti 

11 IS 

n d 

n d 

} 9 89 

Water 

n d 

1 10 

n d 

n d 

Cementation Index 


i 2d 





t> 

7 

s 

9 

10 

Silica (Si0 2 ) 

25 2S , 

20 10 , 

2d Id 

21 70 

21 10 

Alumina (AMD 

7 85 

0 2S i 

7 S7 

1 78 

4 70 

Iron oxide (Fe 2 0 3 ) 

1 Id i 

1 00 

l 7d 

d 21 

1 d 40 

Lime (CaO) 

1 1 t>5 

15 22 

Id 79 

I dS 2S 

10 04 

Magnesia (MgO) 

9 r>o i 

9 00 

10 Id 

I 11 91 

12 00 

Alkalies (K 2 0,Na*0) 

n d 

1 * M 

2 22 

n d 


Oarlxm dioxide (('().) 
Water 

' 7 04 

l 7 Kli 

! 

1 w 

9 2S 

1 10 d9 

I 

0 75 

(Vmentation Index 



1 2S 




f Probuhl) erroneous, omilled m making up averiiKe 

1 Quoted I) v Jameson 1 Pori land Cement," p 177 

2 * " .Smith Mineral Industry, \ ol 1, p .’it) 

d Haas and MeCiraw , umilj *ts I jigmccrniK News, April dO, 1 8911 “Diamond" brand 

1 " " April dO, lH'MI "Star'' brand 

, r ) Lord, analjst Kept Ohio Ccologiml Survey, \ ol H, p H7 I 

(J Quoted by t’umminns American Cements," p to “ Hulme Star" brand 

7 " " " p i. r » “Fern Leaf" brand 

8 Average of preceding seven analjses 

9-10 C Richardson, analyst Briekbuilder, \ ol 0 , p 229 


Table 1 18 . 


Analyses of X \tphal 

Cements, Fort Scott 

i 

, Kan 

3 

Silica (Si() 2 ) 

j 2d d2 

21 

SO 

21 

07 

Alumina (AI/) 3 ) 

! 0 99 j 

4 

(X) 

10 

85 

Iron oxide (Fe 2 () 3 ) 

■ 5 97 

5 

00 

3 

05 

Lime (CaO) 

: 5d 90 

49 

80 

49 

20 

Magnesia (MgO) 

Carbon dioxide (C0 2 ) 

Water 

7 70 

12 

10 

7 

90 

| 2 00 

i ' 

4 

1 

50 

7 

27 

Cementation Index 

1 19 

1 





1 Quoted by Cummings "American Cements," p do " Brockett's Double Star" brand. 

2 C Richardson, analyst Briekbuilder, vol 6, d 220 

3 "Teats of Metals, etc , at Watertown Arsenal, for 1897, p 403 
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Table 119. 

Analyses op Natural Cements, Potomac District, Md. 


(Average index, excluding No 7, =1 95.) 



, 

2 

3 

4 

6. 

Silica (Si() 2 ) 

25 70 

28 02 

28 30 

28 36 * 

28 38 

Alumina (Al 2 () s ) 

12 28 

10 20 

10 12 

9 85 

11.71 

Iron oxide ( Pc/ ) a ) 

4 22 

8 80 

4 42 

3.07 

2 29 

Lime (CaO) . . 

52 69 

44 48 

49 00 

45 04 

43.97 

Magnesia (MgO) 

1.44 

1.00 

3.76 

2 82 

2.21 

Carbon dioxide (CO*) 






Water 






Cementation Index 

1 61 

2 09 

1 70 

1 88 

1 99 



6 

7 

H. 

» 

10 

Silica (Si() 9 ) 

30 02 

36 60 

29 71 

30 22 

29 66 

Alumina (Aid h) 

13 55 

14 58 

8 34 

8 38 

} 14.76 

Iron oxide (Fe*Os) 

3 00 

5.12 

4 14 

5 38 

Lime (CaO) 

44 58 

I 37 50 

45 . 66 

39 54 

41 96 

Magnesia (MgO) ... . 

Carbon dioxide (COj) . . 
Water 

2 76 

2 73 

2 86 

3 80 

3.19 



8 13 

10.20 

7.97 

Cementation Index 

2 08 

2 95 

1 

1 92 

1 

2.18 

2 11 


1. Cumberland, Md A W Dow, analyst Mineral Industry, vol 6, p 05 
2 Hancock, Md Quoted by Cummings “ American Cements, " p 35 

3. Cumberland, Md. A W Dow, analyst Mineral Industry, vol 6, p 95 

4. Hancock, Md A. W Dow. analyst Mineral Industry, vol 0, p 96 

C>. Cumberland, Md. Quoted Dy Cummings " American Cements," p 36 
6. Hancock, Md. A W Dow, analyst Mineral Industry, vol 6, p 96 

7 Cumberland, Md A W. Dow, analyst Mineral Industry, vol. G, p 06. 

8 Hancock, Md C Richardson, analyst Brickbuilder, vol 6, p 229 

9-10 Cumberland, Md C. ltiehardson, analyst. Brickbuilder, vol 6, p 229. 


Table 120. 

Analyses of Minnesota Natural Cements 



l 

2 

3. 

4 


6 

Silica (Si0 2 ) . . . 

21 36 

28 43 

16 24 

18.59 

19 02 

27 70 

Alumina (AljOa) .... 

3 34 

6 71 

1 5 35 

9 14 

8 96 

7 06 

Iron oxide (Fe a O a ) 

3 80 

1 94 

4 71 

1 00 

1 24 

1.86 

Limo (CaO) . . 

45 51 

36 31 

38.53 

40.70 

41 18 

37.00 

Magnesia (MgO) ... 

15 02 

23 89 

22 73 

27 00 

26 58 

22.63 

Alkalies (K 2 0,Na*0) 

2 (XI 

1 80 

2 30 

n. d 

n d 

n. d 

Sulphur trioxido (SO*) 

Caroon dioxide (COj) .... 
Water 

1 94 

n d 

n d. 

n. d 

1 27 

1.23 

| 10 00 

0 92 

/ 9 26 
\0 51 

) 3.57 

ri 75 

\n.d 

2.46 

n.d. 

Cementation Index 

0.994 

1 20 

0.792 

0 800 

0.816 

1.26 


1. Mankato C Richardson, analyst Brickbuilder, vol 6, p 229. 1897. 

2 “ Quoted by Cummings, " American Cements,” p 36. 

3. “ OF Sidencr, analyst 11th Ann Rept. Minnesota Geol. Survey, p. 179. 

4. Austin. Quoted by Cummings, ‘‘American Cements," p. 36. 

5 “ Tests of Metals at Watertown Arsenal. 1901 

6. Mankato. Tests of Metals at Watertown Arsenal, 1901 
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Table 121. 


Analyses op Natural Cements, Rosendale District, N V 



> ! *• 

, ! 

4. 

1 I 

| 5 I 6 

Silica (SiOi) 

25 91 

27 98 

24 30 

27 75 

30 84 

25 92 

Alumina (AljOj) . . 

Iron oxide F eA) . 

6 20 

7 28 

7 22 

5 50 

7 75 

) 9.40 

3 81 

1 70 

5 06 

4 28 

2 11 

Lime(CaO) 

34 62 

37 59 

33 70 

35 61 

31 49 

33.18 

Magnesia (MgO) . . . 

20 92 

15 00 

20 91 

21 18 

17.77 

19.61 

Alkalies (K 2 (),NajO) . . . 

n d. 

7.96 

n d 

tr. 

4.00 

n. d. 

Sulphur trioxide (SO,) 

n d 

n. d 

n. d 

0.5 

li. d. 

n. d. 

Carbon dioxide (COj) 
Water . . 

5 09 
2.80 

| 2.49 

/ n. d 
\ n. d. 

4 05 
n. d 

| 3.04 

4.40 

Cementation Index 

1 29 


i 

1 33 






! 

s 

9 | 

10 

n 

12 

Silica (SiO») 

! 30 50 

30 78 

*21 4 2 j 

22 77 

29.00 

28 91 

Alumina (A1A) 

6.81 

| 8 68 

f 8 16 

1 10 13 

10.40 

/ 10 96 

Iron oxide (FcA) 

2 42 

\ 3 96 

\ 4 68 

Lime (CaO) 

34 38 

34 11 

36 30 1 

34 51 

32 35 

34 64 

Magnesia (MgO) 

18 00 1 

19 61 

16 93 

21.85 

19 92 

14 82 

Alkalies (K 2 0,Na 2 0) 

3 98 

1 62 

n. d. 

3 63 

n.d 

1.80 

Sulphur trioxide (SO,) 
Caroon dioxide (C0 2 ) 
Water 

n d. 

n d. 

n. d. 

1 41 

n. d 

1.04 

1 3 78 

1 > 

3.57 

fn d. 

\n d 

2.84 

1.59 

n (1 \ 
n. d. j 

4.50 

Cementation Index 

\ 





1 74 


13 

it 

i:> 

lit 


IK 

Silica (8j0 2 ) 

29 8*1 

27.30 

21 73 

17.17 

27 (X) 

29 98 

Alumina (A1 2 0,) 

J 15.20 

/ 7 14 

11 IS 

1 10.80 

17 50 

/ 6 88 

Iron oxide (Fe 2 0,) 

\ 1 80 

4 11 


\ 2.50 

Lime (CaO) . . 

35.84 

35 98 

33 77 

48.28 

35 35 

33 23 

Magnesia (MgO) 

14.02 

18.00 

21 20 

19.13 

11 75 

17 80 

Alkalies (KANajO) 

n. d 

6 80 

2.99 

tr 

n d. 

7.10 

Sulphur trioxide (SO,) 

0.93 

n. d. 

n d. 

1 20 

1.41 

n. d. 

Carbon dioxide (C() 2 ) 
Water 

| 3.73 

2.98 

/n.d. 

\n.d. 

3 38 
n. d. 

| 4.68 

3.13 

Cementation Index 

1.78 

1.39 

1.19 

: 






19 

20 

21. 

22 

23 

Silica (Si0 2 ) 

31.28 

22 75 

25 00 

28 71 

26 66 

Alumina (A1 2 0 3 ) 

1 11 30 

(13.40 

8 93 

5.88 . 

11.48 

Iron oxide (FesO,) 


\ 3 30 

2 27 

3.60 

3.02 

Lime (CaO) 

36.67 

37 60 

39.30 

27.00 j 

38.33 

Magnesia (MgO) 

14.35 

16 65 

16.18 

30 00 ! 

16 41 

Alkalies (KA.NaA) 

n. d. 

n. d. 

n d 

n d. 

n. d. 

Sulphur trioxide (SO,) 

1.32 

n.d j 

1 40 

1 30 

1.35 

Carbon dioxide (COj) 

| 4.27 

f 5.00 

2 66 

3.52 

2.75 

Water 


\ 1.36 

n. d. 

n. d. 

n. d. 

Cementation Index 
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1. “ F. O. Norton." Private communication. 

2. “ Quoted by Cummings "American Cements,” p 35 

3. *' Quoted by Lewis Mineral Industry, vol 6, p 96. 

4. "Beach’s,” J. 0. Hargrove, analyst Private communication 

5. " Brooklyn Bridge." Quoted by Cummings. "American Cements,” p 35. » 

6. “ “ C. Richardson, analyst. Bnckbuilder, vol 6, p 229 

7. Newark Lime and Cement Co Quoted by Cummings ” American Cements," p 35 

8. Newark and liosendalc C Richardson, analyst Bnckbuilder, vol 6, p 229 

9. "Old Newark” Booth, Garrett and Blair, analysts. Mineral Industry, vol 6, p 96 

10. "Lawrence," Itosendalo Cement Co Mineral Resources, U 8 for 1883-1884 

11. Lawrencevillo cement A W Dow, analyst Mineral Industry, vol 6, p 96 < 

12. "Hoffmann," La wrenco Cement Co. C Richardson, analyst. Bnckbuilder, vol 6, p 229 

13. “ “ “ “ “ “ “ vol 6, p 229. 

14. " “ “ “ Quoted by Cummings " American Cements,” p 35 

15. “ “ “ “ Haas and McGraw, analysts. Engineering News, April 

30, 1896 

16. "Hoffmann,” Lawrence Cement Co. Mineral Resources U S. for 1883-1884 Very excep- 

tional analysis 

17. "Rock Lock" C Richardson, analyst. Bnckbuilder, vol 6, p 229 

18. “ “ Quoted by Cummings " American Omenta," p 35 

19. " Hudson River ” C Richardson, analyst Bnckbuilder, vol 6, p 229 

20. Rondout, NY L C Bock, analyst ” Mineralogy of New York,” p 78 

21 . " Hoffmann ” | 

22 " Newark and Roscndafc ” > Tests of Metals, etc , at Watertown Arsenal, 1901 

23 "Norton" j 


The following analysis is of the natural cement made at Howe’s 
Cave by the Helderbcrg Portland Cement Company: 

Analysis of Natural Cement, Schoharie (Bounty, N Y 


Silica (Si0 2 ) 26 54 

Alumina (Al 2 O a ) 1 r oq 

Iron oxide (Fe 2 O,0 • / ° 

Lime (CaO) 15 30 

Magnesia (MgO) .17 00 

Cementation Index . 1 17 


The cements of central New York are of low index, though usually 
not so low as those of the Akron-Buffalo district. 

The natural cements of the Akron-Buffalo district carry usually 
20 to 25 per cent magnesia and are of very low index. 


Table 122. 

Analyses of Natural Cements, Central New York. 



l 

2 

3 

4. 

Silica (Si() 2 ) 

20 

30 

16 

56 

35 

43 

24 

10 

Alumina (A1 2 Oj) 

Iron oxide (Fe*Oj) 

} 13 

67 

10 

77 

9 

92 

11 

45 

Lime (CaO) 

47 

48 

39 

50 

33 

67 

40 

22 

Magnesia (MgO) 

18 

55 

22 

27 

20 

98 

20 

60 

Cementation Index . . 







1 

13 


1 Brown Cement Co , Manlius, Onondaga County W M Smith, analyst 20th Ann Kept. 

U S. Geol Survey, pt 6, p 428 

2 Near Chittenango, Madison County L. C. Beck, anlavst "Mineralogy of Now York,” p. 80 

3 South of Utica, Oneida County Gillmore "Limes, Cements, and Mortars," p. 125. 

4. Average of preceding three analyses 
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Tablk 123. 


Analyses of Natural Cements, Akhon-Buffylo District, N Y 



l 

2 

a 

i 

5 

Silica (SiOj) 

17 11 

22 02 

20 20 

22 70 

10 48 

Alumina (ALOf) 

7 01 

7 41 

1 10 

7 10 

4 40 

Iron oxide (Fe 2 0*) 

2 (K) 

1 40 

2 80 


2 (X) 

Lime (Cat)) 

30 S3 

10 08 

41 00 

30 31 

39 20 

Magnesia (MgO) 

25 09 

22 (K) 

22 21 

25 72 

20 52 

Alkalies (K,0,Na 2 0) 

3 04 

2 23 

1 02 

n d 

1 85 

Sulphur trioxide (SO*) 

n d 

n d 

2 00 

n d 

1 39 

Carbon dioxide (CO;) 

Water 

n d 
n d 

3 03 
n d 

} « mi ( 

4 00 
n d 

| 0 80 

Cementation Index 

0 SOI 

0 871 

0 871 

0 991 

0 080 


6 


_ s _ 

9 

10 

Silica (Sit);) 

20 09 

20 75 

; 22 91 

20 U) 

23 70 

Alumina (ALOj) 

7 21 

} 10 02 

I ] 0 30 

0 22 

10 70 

Iron oxide (Fe 2 () 3 ) 

1 30 

i \ 2 90 

2 50 

3 30 

Lime (Cat)) 

43 12 

37 51 

13 71 

to 01 

37 00 

Magnesia (MgO) 

! 19 55 

20 11 

20 72 

25 80 

15 30 

Alkalies (K 2 0,Na 2 0) 

1 13 

2 12 

j n <i 

u d 

n d 

Sulphur trioxide (S(b) 

n d 

n d 

n d 

2 91 

1 98 

Carbon dioxide (CO?) 

1 00 

} 4 5K 

1 00 

1 17 

2 (X) 

Water 

n d 

J n d 

n d 

n d 

Cementation Index 

1 18 

i 0 932 

I 

1 1 000 

1 

! 0 850 

2 21 

Vverage index, exc 

hiding No 

10 

= 0 

911 


Axerage Cat) 



--39 000 


Average MgO 



= 22 

908 = 1 73 



1 “Union Akron '' Haas and Mctlruw, analyatH EiuonomiiK NVwh, \pril .10, 1890 

2 “Newman Akron ” Quot«*<l by ('umminuB “ \ merman Cements," p .15 

il “Akron Star" C HiehurdHon, analyst Brieklmilder, \<>l 0, p 229 1897 

4 “Buffalo Portland “ N Lord, analyst liejK>rta Ohio (ieolngind Survey, vol 0, p 674 

5. “Buffalo” C Richardson, analyst Bnckbuilder, \ol <i, p 229 1897 

6 “Obelisk " Quoted by Cumnnnjrs " \menean (Vnients," p .15 

7 “ C Hirhardson, analyst Briekbuilder, \ol 6, p 229 1897 

8 “Storm Kin# Portland ” Tests of Metals, ete , at Watertown Arsenal, 1901 

9 "Akron Star " Tests of Metals, ete, at Watertown Vrsenal, 1901 

10 "Obelisk ’’ Tests of Metals, ete , at Watertown Arsenal, 1901 

North Dakota. — The Pembina cement is a highly satisfactory 
product, of high index and low magnesia, much like the ('hickamauga 
cement of Georgia. 

Pennsylvania. — The Lehigh district natural cements arc low in 
magnesia. As marketed they are often very badly mixed products. 
Portland cement is usually added, while adulteration with coke and 
ground limestone is not unknown. 

West Virginia- Maryland. — These cements are fairly low in mag- 
nesia and usually of very high index. 
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1. “ F. O. Norton." Private communication. 

2. “ Quoted by Cummings "American Cements,” p 35 

3. *' Quoted by Lewis Mineral Industry, vol 6, p 96. 

4. "Beach’s,” J. 0. Hargrove, analyst Private communication 

5. " Brooklyn Bridge." Quoted by Cummings. "American Cements,” p 35. » 

6. “ “ C. Richardson, analyst. Bnckbuilder, vol 6, p 229 

7. Newark Lime and Cement Co Quoted by Cummings ” American Cements," p 35 

8. Newark and liosendalc C Richardson, analyst Bnckbuilder, vol 6, p 229 

9. "Old Newark” Booth, Garrett and Blair, analysts. Mineral Industry, vol 6, p 96 

10. "Lawrence," Itosendalo Cement Co Mineral Resources, U 8 for 1883-1884 

11. Lawrencevillo cement A W Dow, analyst Mineral Industry, vol 6, p 96 < 

12. "Hoffmann," La wrenco Cement Co. C Richardson, analyst. Bnckbuilder, vol 6, p 229 

13. “ “ “ “ “ “ “ vol 6, p 229. 

14. " “ “ “ Quoted by Cummings " American Cements,” p 35 

15. “ “ “ “ Haas and McGraw, analysts. Engineering News, April 

30, 1896 

16. "Hoffmann,” Lawrence Cement Co. Mineral Resources U S. for 1883-1884 Very excep- 

tional analysis 

17. "Rock Lock" C Richardson, analyst. Bnckbuilder, vol 6, p 229 

18. “ “ Quoted by Cummings " American Omenta," p 35 

19. " Hudson River ” C Richardson, analyst Bnckbuilder, vol 6, p 229 

20. Rondout, NY L C Bock, analyst ” Mineralogy of New York,” p 78 

21 . " Hoffmann ” | 

22 " Newark and Roscndafc ” > Tests of Metals, etc , at Watertown Arsenal, 1901 

23 "Norton" j 


The following analysis is of the natural cement made at Howe’s 
Cave by the Helderbcrg Portland Cement Company: 

Analysis of Natural Cement, Schoharie (Bounty, N Y 


Silica (Si0 2 ) 26 54 

Alumina (Al 2 O a ) 1 r oq 

Iron oxide (Fe 2 O,0 • / ° 

Lime (CaO) 15 30 

Magnesia (MgO) .17 00 

Cementation Index . 1 17 


The cements of central New York are of low index, though usually 
not so low as those of the Akron-Buffalo district. 

The natural cements of the Akron-Buffalo district carry usually 
20 to 25 per cent magnesia and are of very low index. 


Table 122. 

Analyses of Natural Cements, Central New York. 



l 

2 

3 

4. 

Silica (Si() 2 ) 

20 

30 

16 

56 

35 

43 

24 

10 

Alumina (A1 2 Oj) 

Iron oxide (Fe*Oj) 

} 13 

67 

10 

77 

9 

92 

11 

45 

Lime (CaO) 

47 

48 

39 

50 

33 

67 

40 

22 

Magnesia (MgO) 

18 

55 

22 

27 

20 

98 

20 

60 

Cementation Index . . 







1 

13 


1 Brown Cement Co , Manlius, Onondaga County W M Smith, analyst 20th Ann Kept. 

U S. Geol Survey, pt 6, p 428 

2 Near Chittenango, Madison County L. C. Beck, anlavst "Mineralogy of Now York,” p. 80 

3 South of Utica, Oneida County Gillmore "Limes, Cements, and Mortars," p. 125. 

4. Average of preceding three analyses 
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Wisconsin . — The Milwaukee cements are of quite low index, rang- 
ing from 1.10 to 1.20, and carry a little more magnesia than do the 
Rosendale products. 


Table 127. 

Analyses of Natural Cements, Milwaukee District, Wis 


, i 2 

Silica (Si0 2 ) 

2d 10 

25 00 

Alumina (Al 2 () 3 ) 

0 3d 

4 00 

Iron oxide (Fe 2 0:i) 

1 71 

2 HO 

Lime (CaO) 

30 OH 

dd 40 

Magnesia (MgO) 

20 3H 

22 60 

Alkalies (K 2 0,Na 2 0) 

f> 27 

2 51 

Sulphur trioxide (SOj) 

n d 

2 59 

Carbon dioxide (C0 2 ) 

Water 

j 7 07 

9 50 

Cementation Index 

1 09 

1 17 


1 Quoted by Cummings “ Vniorican Omonts,” p 3. r > 

2 C Richardson, analyst Brickbuilder, vol 0, p 220 


Belgium . — The manufacture and character of the Belgian natural 
cements have been described in detail on preceding pages. As marketed 
they are usually cements of low index (1.05 to 1.15) and carry small 
percentages of magnesia. 

England . — English natural cements are commonly products of high 
index, carrying much clayey matter, and often containing remarkably 
high percentages of iron oxide. 

France . — The analyses given in Table 130 represent a peculiarly 
homogeneous group of natural cements, a fact which is brought out 
clearly when their Cementation Indexes are calculated and compared. 


Table 128. 


Analyses of “Natural Portland” Cements, Belgium. 



• ' | 2 ' 

Silica (Si0 2 ) 

Alumina (AljOj) 

22 

17 

28 

0 

4 

00 

3 

0 

Iron oxide (Fe 2 Oj) 

l 

2d 

2 

0 

Lime (CaO) 

00 

HO 

02 

0 

Magnesia (MgO) 

0 

7d 

0 

0 

Sulphur trioxide (SOj) 

n 

d 

1 

2 

Carbon dioxide (CO?) 

1 

40 

1 

2 

Water . 

0 

48 

n 

d. 

Cementation Index 

1 

09 

1 

32 


I. Corapagme G£n£rale des Ciments Portlands dc 1'Escaut, Tournai 
2 Dumon ct Cie, Tournai. 
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Table 129. 


Analyses of Natural Cements, England. 



l 

2 

3 

4 

►Silica (tti(h) 

24 41 

31 30 

20 12 

25 27 

Alumina (AML) 

9 or, 

r> 01 

7 92 . 

7 47 

Iron oxide (TV 2 (). t ) 

IS 80 

11 74 

0 46 

9 05 

Lime (CaO) 

41 80 

40 30 

50 44 

55 05 

Magnesia (MgO) 

4 73 

3 93 j 

1 00 

1 59 

Cementation Index 

1 92 

i 


1 48 


1 Sheppey Quoted hy Hedgravc “Calcareous Cements,” p 40 

2 Harwich “ " " p 10 

3 Whitby “ “ Zwuk, p 71 

4 London p 7 1 

Germany Austria . — Analyses of a number of German and Austrian 
natural cements are given in Table 131 . This series includes two inter- 
esting analyses (Nos. 5 and (>) of cements of very low index, carrying 
high percentages of magnesia. 


Table 130. 


Analyses of Natural Cements, France 


! , 

2 

3 

4 

Silica (Si() 2 ) 

21 94 

20 50 

21 2 

21 82 

Alumina (AM).-) 

9 00 

8 40 

0 9 

8 88 

Iron oxide (F<M L) 

l 10 

5 70 

13 7 

12 47 

Lime (CaO) 

03 01 

52 05 

50 0 

55 69 

Magnesia (MgO) 

1 20 

0 95 

1 1 

1 12 

Sulphur trioxide (SO,) 

n <1 

2 80 

n d 

n d 

Cementation Index 

1 22 

1 32 

1 32 

1 39 


5 

0 

7 

8 

Silica (Si() 2 ) 

23 50 

24 25 

22 10 

22 01 

Alumina (AM).0 

12 50 

10 00 

18 21 

19 79 

Iron oxide (Fe 2 O a ) 

3 (X) 

4 00 

tr 

tr 

Lime (CaO) 

52 50 

53 50 

55 98 

51 63 

Magnesia (MgO) 

2 50 

2 50 

0 37 

0 37 

Sulphur trioxide (SO s ) 

1 00 

2 00 

3 34* 

5 60* 

Cementation Index 

1 40 

1 52 

1 45 j 

1 

1 63 


* Li me sulphate, CaSO* 


1 Vassy Quoted In Cummings ” American Cements.” p 35 Exceptionally high-limed. 
2, " " " Bonnami " C'haux Hydrauliques,” etc , p 54 

3 •’ “ " Zwick ” Hydrauhseher lvalk und Portland-Cement,” p 01 

4 •• “ “ p 91 

5 Valbonnais Slow-setting Bonnami ‘‘Chaux Hydrauliques,” etc , p 54 

6 “ Very slow “ " “ p 54 

7. Porte de France Quick-setting Bonnami "Chaux Hydrauliques,” etc , p 151. 

8. Slow-setting “ “ “ " p 151. 
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Table 131. 


Analyses of Natural Cements, Germany and Austria. 


, 

l 

2 

3 

\ 

5 

Silica (SiO;) 

28 S3 

27 88 

24 12 

23 00 

20 SO 

Alumina (AljOj) 

0 40 

0 19 

0 17 

7 21 

5 SO 

Iron oxide (FeA) 

4 80 

4 04 

5 28 

7 97 

1 50 

Lime (CaO) 

58 38 

50 45 

59 10 

58 88 

47 83 

Magnesia (MgO) 

5 00 

4 84 

1 98 

2 25 

24 20 

Cementation Index 


' 

’ 


0 80 


t> 

7 

s 

| ”... j 

1 __ 

Silica (SiO*) 

22 11 

25 00 | 

i 21 18 

! 20 80 

23 07 

Alumina (A1A) 

5 75 

9 00 | 

0 45 

! 10 30 

8 83 

Iron oxide (FeA) 

1 3 07 

1 39 

2 SO 

1 90 

5 92 

Lime (CaO) 

, U 22 

58 02 

50 73 

59 SO 

58 80 

Magnesia (MgO) 

i 17 77 

i 1 08 

3 04 

0 30 

0 73 

Alkalies (KANajO) 

i 4 72 

1 0 02 


0 70 

1 22 

Cementation Index 

1 02 

| 


i___ 

1 455 

1 34 


1 Itudcr.sdorf Mitdiilolis, uniilyst Quote* I in Winner's 1 (MhmiiiohI IVHuioIokv," Hth <*d , 

p 000 

2 Rudcrsdorf Quoted by CumiimiK'* " AmiTimn CViniMits,” p 3.i 

3 “ “ " Zwiclv “ HydniulmcdiiT Kiilk und I’ortliind-t Viuciil," p 71 

4 llaushergcri 1 MirhtUdis, analyst Quoted in Wug»<*r*s "('liomoal TeclinoloKy," 13th cd , 

f> Tamowitz f p 000 

0 Hpidelborg ] 

7 Piestinj? v Quoted by Zwiek " IIydruulM< her Kulk und Portland-Omcnt," p 71 

8 Haring j 

10 Perltiiooi j Quoted by Schoch “ Mortcl-Mutcmilcn," p 71. 


Weight and specific gravity— Tho specific gravity of American 
natural cements appears to he greatly underestimated by most engi- 
neering authorities. In a recent report, for example, it is stated that 
“ natural cement has a specific gravity of 2.5 to 2.8.” In reality very 
few of our American cements ever fall as low in specific gravity as 2.8, 
and it would be nearer the truth to say that, as a class, the natural 
cements range between 2.8 anil 3.2. 

In the following table (132) a number of careful determinations 
are given, selected from various sources so as to cover as many cement 
districts and brands as possible. 

Rapidity of set. — Natural cements are normally much quicker- 
setting than Portlands, but this rapidity of set may be changed by 
aeration, the use of plaster, etc., to a very remarkable degree. 
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Table 132. 


Specific Gravity of American Natural Cements. 


State Locality 

Brand 

Authority 

Specific 

Gravity 

Illinois Utica 

? 

C Richardson 

2 70 

Kansas Fort Scott 

? 

‘ ‘ 

2 79 

Maryland Cumberland 

Cumberland Hydraulic 
Cement Mfg Co 

Phila Cement Tests, 1897 

2 90 

n ii 

Cumberland Hydraulic 
Cement Mfg Co 

44 44 44 1899 

2 846 

< < it 

Cumberland and Poto- 
mac Cement Co 

44 44 44 1899 

2 828 

i i i i 

Potomac 

Watertown Arsenal, 1901 

2 94 

4 4 Round Top 

? 

C Richardson 

2 84 

it ii ii 

? 

Phila Cement Tests, 1899 

2 922 

Minnesota Austin 


Watertown Arsenal, 1901 

3 15 

‘ ' Mankato 


“ 44 1901 

2 93 

ii n 


C Richardson 

2 81 

New York Rosendale 

? 

‘ ‘ 

3 04 

ii ii ii 

Hoffmann 

Watertown Arsenal, 1901 

3 06 

ii ii ii 

Norton 

“ 44 1901 

3 03 

ii ii 

Newark and Rosendale 

44 44 1901 

3 06 

“ “ Akron 

“Storm King Portland” 

44 4 4 1901 

3 07 

ii ii ii 

Obelisk 

“ 44 1901 

3 12 

ii ii ii 

Star 

Phila Cement Tests, 1897 

3 17 

Pennsylvania Lehigh 

Coplay improved 

ii ii ii 1S97 

3 00 

4 4 4 4 4 4 1899 

2 96 

ii ii 

Hercules improved 

4 4 4 4 4 4 1897 

2 97 

ii ii 

American improved 

4 4 44 44 1897 

3 07 

ii ii 

4 4 44 44 1899 

3 02 

i i i i 

Bonneville improved 

Watertown Arsenal, 1901 

2 85 


In 1894-95 Sabin tested the effect of aeration on the setting time 
of natural cement, with the following results:* 


Table 133. 


Effect of Aeration on Setting Time of Natural Cement. (Sabin ) 


No. 

Direct from Package 

After IB Days’ Aeration 

Initial Sot, 
Minutes 

Furnl Sot, 
Minutes 

Initial Set, 
Minutes 

Final Set, 
Minutes 

1 

52 

110 

54 

173 

2 

50 

100 

51 

164 

3 

44 

100 

48 

166 

4 

60 

280 

100 

326 

5 

101 

349 

147 

306 

6 

87 

1200 

130 

1241 

7 .... 

80 

1178 

122 

1233 

8 

72 

1202 

125 

1227 

9 

108 

1256 

202 

1221 

10 

192 

1247 

234 

1216 


* Report Chief of Engineers, U. S. A., 1895, p. 2937. 
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Effects of gypsum or plaster on natural cements.— Natural cements are 
affected by the addition of gypsum in regard to setting time and strength 
in much the same manner as Portland cement would be. The degree 
to which these effects are produced, for the same percentage of gypsum, 
depends entirely upon the chemical composition of the respective 
cements. This fact seems to have been entirely overlooked by experi- 
menters, and in consequence the tests which have been made are 
deprived of much of their value, because the analysis of the cement 
is rarely included in the report of the test. 

Experiments on the effect of gypsum on the rate of set have been 
carried out by Sabin,* and the results are embodied in Table 134, 
below, and are shown diagranimaticallv in Fig. 52. 


Table 134. 

Effect of Plaster on Setting Time of Natural Cement (Sabin ) 


Brand 

IVr Cent 
Blaster 

Set tin* Time 

Initial, 

Minutes 

Final, 

Minutes 

A 

0 

38 

543 

* 1 

I 

106 

414 


2 

107 

527 


3 

86 

671 

“ 

0 

42 

632 

B 

0 

93 

193 


1 

179 

439 


2 

302 

592 


3 

295 

725 


6 

93 

698 






’ 


From this table it will be seen that the maximum retardation of 
the initial set took place with both brands when 2 per cent of plaster 
was used. The final set, however, experienced its greatest retardation 
in both cases when 3 per cent of plaster was employed. 

Sabin also tested f the effects of plaster on the tensile strength of 
both neat and mortar briquettes. The results of these tests are shown 
in the following table (135) : 

These tests would appear to show that the addition of even 1 per 
cent of plaster has injurious effects on the soundness of the cement, 
and less markedly on its tensile strength. Unfortunately, the analysis 


* Report Chief of Engineers, U. S. A., 1895, p. 2938. 
f Report Chief of Engineers, U. 8. A., 1896, p. 2857. 
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of the cement tested is not given, and even its name is suppressed, so 
that the results arc loss instructive than they might have been. 


Table 135 . 

Effect of Plahtek on Tensile Sthenotii of Natukal Cement. (Sabin.) 


Composition 

... 

Per Cent 
Plaster 

Tensile Strength, Pounds 

Cement 

Sand 

7 Days 

ft Months 

1 Year 

1 

0 

0 

146 

383 


1 

0 

1 

156 

398 1 


l 

0 

2 

115 1 

323 


1 

0 

3 


312 2 


1 

0 

e 


234 3 


1 

2 

0 

02 

374 

448 

1 

2 

l 

80 

312 

395 

l 

2 

2 

94 

355 

408 

1 

2 

3 


86 3 

131 3 

1 

2 

0 


151 3 

107 3 


1 Surface cracks 2 Swelled and nearly disintegrated 1 Madly cracked and swelled 


In general it may be said that the effects of gypsum or plaster will 
be directly proportional to the percentage of alumina contained in 



Fio 52.*— Effect of plaster on setting time. (Sabin.) 

the cement. This statement has never before been explicitly made, 
but it is a necessary corollary from recent studies on the behavior of 
cements with g}'psum and in sea-water. 


From Johnson’s “Materials of Construction,’’ p 187. 
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Effect of salt on strength. — In laving masonry in freezing weather it 
has been customary to specify the use of salt in the water used for the 
mortar. This lowers the freezing temperature of the water, but does 




Fig 54 f — Tensile strength of Louisville cement, St Louis Waterworks, 1896. 

not seem to be of any particular benefit in other respects. It decreases 
quite markedly the tensile and compresssive strength of the mortars, 
even when only a small percentage of salt is added. 

* From Johnson’s “Materials of Construction,” p. 618. 

| From Johnson’s “Materials of Construction,” p. 570. 



258 


CEMENTS, LIMES, AND PLASTERS. 


in 8aH ° n tHe Strength ° f natural_cerne nt mortars is shown 

in Pig 53. These experiments were made on Louisville and Portland, 
cement mortars and all tested at six months. 

ran?! 8116 1 8tr “f th /- In tonsile strength the average natural-cement 
ranks considerably lower than the average Portland Th; ■ 

This general rule as to the relative strength of natural and Port 
— „ well k„o„„, „ ut , h0 



Fin 


<>,> /ni° n . Hll |°, at , rCnKth ° f Lohigh district natural cements 
(I Inlauelphia tests, 1893, 1894, 1895, 1896) 


quently discussed. It is a fact, however, that certain brands of natural 
cements are about as strong, either neat or with sand, as the averse 
impor e ortland, and there is no reason why a number of natural 
cements could not be carried up to this grade. The average results 
of extensive series of tests on various natural cements are given dL 
grammatically in Figs. 54-02. 8 Qla 


In Fig. 55 are shown the results of a 
tests, at various ages up to 3 years, on the 
of the Lehigh district of Pennsylvania. 


very large number of tensile 
“ improved ” natural cements 
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The results of a number of tests of natural cements from the Cum- 
berland-Hancock district of Maryland have been averaged and are 
shown (ungrammatically in Fig. 50. 



Tests of natural cements from Akron, N. Y„ and Cumberland, Md., 
during 1897 and 1898, are shown diagrammatically in Fig. 57. These 
tests cover ages of 1 day to 6 months. 

The effect on the tensile strength of varying the proportion of sand 
is well shown in the tests made by Sabin * and summarized in Table 
136. These tests are shown diagrammatically in Fig. 61. 

* Report Chief of Engineers, USA, 1895, p 2982. 



FOUNDS PER SQUARE INCH 
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Table 136. 

Effect of Sand on Tensile Strength of Natural Cement (Sabin.) 


Composition 

Trnsile Strength 

CYiwnt 

Sand 

Maximum 

Minimum 

Average 

1 

0 

428 

340 

380 

1 

1 

332 

251 

297 

1 

2 

298 

224 

200 

1 

3 

208 

144 

183 

1 

4 

154 

74 

128 

1 

5 

109 

01 

81 

1 

0 

81 

50 

09 

1 

7 

08 

32 

50 

1 

8 

00 

29 

53 


Compressive strength. — Tests on various natural cements carried 
out by Clifford Richardson * are summarized in Table 137. 


Table 137. 

Compressive Tests of Natural Cements (Richardson ) 



Neat Cement 

1 Cement, 2 Sand 

7 Days 

2N Days 

.1 Montha 

1 

7 Day 8 

2K Days 

.’J Months 

Buffalo, N Y 

997 

1300 


700 

980 


Akron Star, N Y . 

1325 

2812 


700 

1300 


Louisville, Ky 

1737 

2795 


500 

1005 


Milwaukee, Wis 

913 

1457 


5(H) 

822 


Fort 8eott, Kan 

709 

1250 

1 

417 

080 


M < < M 

1072 

2402 

3155 

i 988 

1470 

2718 

Mankato, Minn 

1003 

2288 


575 

834 | 


Utica, 111. 

1538 

1972 


1075 

14.50 


Uosendale, N Y 


1737 



014 


Average . 

1252 

2002 

3155 

083 j 

1 

1024 

2718 


The following tests (Table 138) of compressive strength were made 
on 4-inch cubes at the Watertown Arsenal. f 


* Brickbuilder, vol 0, p 253 

f Report on tests of metals, etc , at Watertown Arsenal for 1902, pp 377-381 
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Table 138. 

Compressive Strength of 4-inch Natural-c ement Cubes 
(Watertow v Arsenal ) 


# , ' rompn , s«iiM > Strength, Lb 1 * per Square Inch 

Brand j IVr Cent . 

W utcr | ; 1 I 

! 7 l)«\s 1 Month 1 d Months 12.Monthi 


Austin, Minn 

35 4 


[ 1000 

! 1530 


Mankato, Minn 

11 2 

500 

| 1020 

1420 


Potomac, Md 

31) 2 

423 i 

! SB) 

1110 

1100 

Obelisk, Erie County, N V 

35 S 

750 

1300 

i 2220 


Norton, Ulster County, N V j 

Newark and Rosendale, Ulster! 

3!) 0 

172 | 

SSO 

1570 


County, N Y 

3H 7 

107 1 

1000 

it to 

1500 

Hoffman 

3d 2 

Bit . 

700 

1230 


Bonneville improved, Penirn 1 

3S7 

020 

1130 

f 1500 



Table 139. 

Effect of Heating on Compressive Strength (Watertown Arsenal ) 







('i)in- 
preKiive, 
Strenut li, 

1 1 )h per 

Brand 

Mixture 

IVr Cent 

W liter 

\*e 

\ rs Mon I)n\* 

Heated to 

««! fn 

Mankato 

Neat cement 

3S 

1 2 10 

Not heated 

1807 

“ 


3S 

1 2 10 

200° V 

1057 

“ 

• i 

38 

l 2 10 

300° V 

1877 


“ “ 

38 

1 2 10 

100° F 

1007 



48 

1 2 10 

5(H) 0 V 

1003 



48 

1 2 10 

(MH) 0 F 

1453 


“ 

48 

1 2 10 

7(H) 0 F 

1497 


“ 

48 

l 2 10 

8(H) ° F 

1BH) 



48 

! 1 2 10 I 

! 0(H) 0 F 

1185 

i ( 

1 cement, 1 sand ^ 

28 

1 0 21 

Not heated 

538 

(( 

1 “ 1 “ 

31 

1 0 21 

2(H)° F j 

401 

< ( 

1 “ 1 “ 

31 

1 0 21 

[ 3(H) ° F 

433 

*< 

j 1 1 “ 

1 28 

1 0 21 

5(H) ° F 

471 


1 1 “ 

| 28 

1 0 21 

7(H)° F 

381 


1 “ 1 “ 

31 

1 0 21 

9(H)° F 

317 

{ 1 

1 1 

3! 

1 0 21 

5(H) 0 F 

320 

Ratio of compressive to tensile strength— The ratio between the 


compressive and tensile strength is apparently, in the natural cements, 
considerably lower than in Portland cement. 
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Table 140 . 


Relation of Tensile to Compressive Strength of Natural Cement. (Sabin.) 


Brand 

Composition 

Ago 

Average 
Tenai le 
Strength, 
Pounds per 
Square Inch 

Average 
Compressive 
Strength, 
Pound* per 
Squarelnch 

Ratio 

Compressive 
+ Tensile 

A. .. 

1 cement, 2 huikI 

28 days 

110 

662 

5 71 

B. 

1 “ 2 “ 

28 " 

187 

1020 

5 45 

C 

1 “ 2 “ 

28 “ 

237 

1175 

4 96 

D 

1 “ 2 “ 

28 “ 

117 

i 5.50 

4 70 

E 

1 “ 2 “ 

28 ‘ ‘ 

286 

1224 

4 28 

A 

1 “ 2 “ 

.'1 months 

334 

1261 

3 77 

B . . | 

1 “ 2 “ 

3 “ 

204 

1118 

3 80 

C .. 

1 “ 2 il 

3 “ 

370 

1608 

4 59 

D 

1 “ 2 1 

3 “ 

208 

1076 

3 61 

E 

1 “ 2 “ 

3 " 

201 

1018 

3 .50 


Report ('hicf of Engineers, USA, 1890, p 2872 


The following tests worn made by Prof. Creighton on samples of 
the Utiea (111.) natural cement used in the construction of the drain- 
age works at New Orleans. 


Table 141 . 


Relation ok Tensile to Comimiehnive Strength of Utica Natural Cement. 
(Creighton ) 


Composition 

Ago 

Average 

Tens! le, 
Pounds per 
Square Inch 

Average 
Compressive, 
Pounds per 
Square Im h 

Ratio 

Compressive 
+ Tensile 

Neat cement 

7 days 

210 



“ “ 

14 “ 

255 

1300 

5 09 

i { i i 

28 ‘ ‘ 

270 

1705 

6 32 


2 months 

283 




3 “ 

300 



a i i 

6 “ 

340 

1805 

5 31 

1 cement, 1 Hand 

7 days 

136 



1 1 “ 

14 

269 

1170 

4 35 

1 “ 1 “ 

28 ‘ ‘ 

290 

1417 

4 88 

1 1 “ 

2 months 

302 

1583 

5 24 

1 “ 1 “ 

3 


1723 


1 1 “ 

6 “ 

313 

1940 

6 19 

1 “ 2 ‘ ‘ 

7 days 

76 



1 “ 2 “ 

14 “ 

114 

568 

4 98 

1 “ 2 “ 

28 “ 

162 

655 

4 05 

1 “ 2 “ . . 

2 months 

164 

840 

5 12 

1 “ 2 " 

3 “ 

172 

1135 

6 60 

1 " 2 “ 

6 “ 

176 

1768 

10 05 

1 “ 3 “ 

7 days 


I 


1 “ 3 “ 

14 “ 

98 

352 

3 59 

1 “ 3 “ . . 

28 “ 

112 

403 

3.59 

1 “ 3 ‘ . 

2 months 

124 



1 “ 3 4 ‘ 

3 “ 

131 

456 

3 48 

1 “ 3 “ 

6 “ 

138 

I 

923 

6 68 
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Modulus of elasticity. — Tests of the modulus of elasticity of several 
American natural cements made at Watertown Arsenal * are sum- 
marized in Table 142. 


Table 142. 
Modulus of Elasticity 







l Itimalc 




Com- 

position 

Weight 

Arc 
M o Da 

StHMIRt h, 



Brand 

per 

C’u Ft 

Pounds 

{XT 

S<j In 

K 









Lb#. »q in. 

Austin 

Neat 

1(K) 0 

2 

11 

010 

#(100-500) 

= 567,000 

Newark Rosendale 

“ 

00 5 

2 

15 

700 

#( HX1-500) 

= 485,000 

U (( n 

( { 

120 

1 




= 988.000 

“ “ 

“ 

120 

5 


2720 

( #( 100-1000) 

\ #( 1000- 2(XX)) 

= 1,818,000 
= 1,342,000 

Obelisk 

“ 

107 0 

2 

8 

1430 

/ #(100-500) 

\ E( 500-1 (XX)) 

= 970,000 
= 820, (XX) 

‘ ‘ 

4 i 

116 6 

2 

7 

1000 

#(100-1000) 

= 1,132,000 

,, ) 1 cement 

\ 1 sand 

I 1 121 O' 

2 

5 

1330 

#(100-1000) 

= 1,140,000 


* Report of tests of metals, etc , made at Watertown Arsenal, for 1002, pp. 
501-505. 
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Table 140 . 


Relation of Tensile to Compressive Strength of Natural Cement. (Sabin.) 


Brand 

Composition 

Ago 

Average 
Tenai le 
Strength, 
Pounds per 
Square Inch 

Average 
Compressive 
Strength, 
Pound* per 
Squarelnch 

Ratio 

Compressive 
+ Tensile 

A. .. 

1 cement, 2 huikI 

28 days 

110 

662 

5 71 

B. 

1 “ 2 “ 

28 " 

187 

1020 

5 45 

C 

1 “ 2 “ 

28 “ 

237 

1175 

4 96 

D 

1 “ 2 “ 

28 “ 

117 

i 5.50 

4 70 

E 

1 “ 2 “ 

28 ‘ ‘ 

286 

1224 

4 28 

A 

1 “ 2 “ 

.'1 months 

334 

1261 

3 77 

B . . | 

1 “ 2 “ 

3 “ 

204 

1118 

3 80 

C .. 

1 “ 2 il 

3 “ 

370 

1608 

4 59 

D 

1 “ 2 1 

3 “ 

208 

1076 

3 61 

E 

1 “ 2 “ 

3 " 

201 

1018 

3 .50 


Report ('hicf of Engineers, USA, 1890, p 2872 


The following tests worn made by Prof. Creighton on samples of 
the Utiea (111.) natural cement used in the construction of the drain- 
age works at New Orleans. 


Table 141 . 


Relation ok Tensile to Comimiehnive Strength of Utica Natural Cement. 
(Creighton ) 


Composition 

Ago 

Average 

Tens! le, 
Pounds per 
Square Inch 

Average 
Compressive, 
Pounds per 
Square Im h 

Ratio 

Compressive 
+ Tensile 

Neat cement 

7 days 

210 



“ “ 

14 “ 

255 

1300 

5 09 

i { i i 

28 ‘ ‘ 

270 

1705 

6 32 


2 months 

283 




3 “ 

300 



a i i 

6 “ 

340 

1805 

5 31 

1 cement, 1 Hand 

7 days 

136 



1 1 “ 

14 

269 

1170 

4 35 

1 “ 1 “ 

28 ‘ ‘ 

290 

1417 

4 88 

1 1 “ 

2 months 

302 

1583 

5 24 

1 “ 1 “ 

3 


1723 


1 1 “ 

6 “ 

313 

1940 

6 19 

1 “ 2 ‘ ‘ 

7 days 

76 



1 “ 2 “ 

14 “ 

114 

568 

4 98 

1 “ 2 “ 

28 “ 

162 

655 

4 05 

1 “ 2 “ . . 

2 months 

164 

840 

5 12 

1 “ 2 " 

3 “ 

172 

1135 

6 60 

1 " 2 “ 

6 “ 

176 

1768 

10 05 

1 “ 3 “ 

7 days 


I 


1 “ 3 “ 

14 “ 

98 

352 

3 59 

1 “ 3 “ . . 

28 “ 

112 

403 

3.59 

1 “ 3 ‘ . 

2 months 

124 



1 “ 3 4 ‘ 

3 “ 

131 

456 

3 48 

1 “ 3 “ 

6 “ 

138 

I 

923 

6 68 
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These several classes of raw materials will be discussed later, greatest 
attention being paid to the cement materials proper. It should be 
observed, however, that this very concentration of attention on the 
cement materials proper has led to serious errors in the location of 
cement plants. It can hardly be stated too strongly that no degree 
of excellence in the limestone or shah* can make up for expensive fuel 
supply, for poor transportation facilities, or for narrow market areas. 

Composition and constitution .— Portland cements may be said to 
tend toward a composition approximating to pure tricalcie silicate 
(30a(),Si()2) which would correspond to the proportion Cat) 73.6 per 
cent SiOs 26.4 per cent. Actual Portland cements as at present made 
differ in composition very markedly from this. Alumina is always pres- 
ent in considerable quantity, forming with part of the lime tin* tricalcie 
aluminate (Cat), AM).*), and probably, under ordinary conditions as 
to composition and burning lower aluminates. Ferrites of lime and 
possibly ferric silicate are also present in commercial clinker. 

But the composition is still further complicated by tin* presence 
of accidental impurities or intentionally added ingredients. These 
last may be simply adulterants, or they may be added to serve some 
useful purpose. Calcium sulphate is a type of the latter class. It 
serves to retard the set of the cement and in small quantities appears 
to have no injurious effect which would prohibit its use for this pur- 
pose. In dome kilns, sufficient sulphur trioxide is generally taken up 
by the cement from the fuel gases to obviate the necessity for the latter 
addition of calcium sulphate, but in the rotary kiln its addition to the 
ground cement, in the form of either jx)wdcred crude gypsum or plaster 
of Paris, is a necessity. 

Iron oxide, within reasonable limits, seems to act as a substitute 
for alumina, and the two may be calculated together. Magnesium 
carbonate is rarely entirely absent from limestones or clays, and mag- 
nesia is, therefore, almost invariably present in the finished cement 
but in small percentage. Though magnesia, when magnesium car- 
bonate is burned at low temperature, is an active hydraulic material 
(see Chapter XI) it does not normally combine with silica or alumina 
at the clinkering heat employed in Port land-cement, manufacture. At 
the best it is an inert and valueless constituent in the normal Portland * 

* This statement should not be construed to mean that it is impossible to make a 
good cement of the Portland type, but containing high percentages of magnesia, for 
this very possibility will be discussed on a later page (p 360). But such a mag- 
nesia Portland will, of necessity, differ quite markedly both in preparation and prop- 
erties from the lime Portlands now in use 
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cement; many regard it as positively detrimental in even small amounts, 
and Ixicause of this feeding manufacturers prefer to carry it as low as 
possible. In amounts of less than '.V 2 per cent to 5 per cent it is cer- 
tainly harmless- and American Portlands from the Lehigh district 
usually roach well up toward that limit. In European practice it is 
carried somewhat lower. 

Cementation Index.— In discussing the hydraulic limes and natural 
cements, use has been made of (he Cementation Index, a device which 
affords an easy means of comparing the hydraulic and other proper- 
ties of various cements. In dealing with Portland cement, this device 
reaches its maximum of efficiency and becomes of great service in every 
phase of the subject, from the selection of the raw materials and the 
proportioning of the mix to the valuation of the finished product. In 
later chapters the basis and determination of the Cementation Index 
will be found discussed in detail. In the present chapter it is only 
necessary to state that its value is obtained from the following formula: 


Cementation Index = 


(2.8 X percentage silica) -f* 

(1.1 X percentage alumina) + 

.7 X percent age iron oxide 
Percentage lime (Ca())-fl.4 percentage magnesia* 


This formula is applicable to raw materials as well as to cements, 
but the user must recollect, that tin* first factor in the divisor is based 
on the percentage of lime (CaO), not of lime carbonate (CaCOa), and 
similarly with the magnesia. It is empirical, but useful. 

The ('('mentation Index, determined as above described, is a meas- 
ure of the degree of basicity of a cement, or the relation of the acid 
(SiO^AhO.nEe-jO.O to the basic (CaO.MgO) factors in its composition. 
A high cementation index means a high-limed and low-clayed cement, 
while a low index would mean the opposite. In Portland cements 
as at present, made the Cementation Index will commonly fall within 
the limits of 1.00 and 1.20, 1.00 being the ideal index for a Portland. 

Silica-alumina ratio. — The ratio between the silica and the alumina 
-f iron oxide gives the second important index to the character of a 
cement. For convenience of reference this may be termed the silica- 
alumina ratio. This ratio, properly speaking, should take into account 
the different combining weights of the three compounds concerned, 
and would, therefore, theoretically be found from the formula. 


Acidity Index = 


2.8 X percent age silica 

(1.1 X percentage alumina) -f (.7 X percentage iron oxide)* 
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To tho value determined by this formula the term “ Acidity Index ” 
might be very properly applied. But in ordinary practice the per- 
centage of iron oxide present is so small that the ratio between the 
silica and the alumina + iron is given correctly enough by simple 
division, i.e., 

Percentage silica 

Percentage alumina -f -percentage iron oxide' 

The value thus obtained will be calk'd briefly the silica-alumina ratio 
(though it considers the iron oxide* also). It may l ><* said that the per- 
centage of lime being constant, the elinkering tcmporatuie decreases 
with the silica-alumina ratio; while the setting-tune and ultimate 
strength of the cement are in inverse* proportion to the* value's of the* 
ratio. Further than this, heiweveT, the* relations be*twe*e*n the* alumina 
and the* irem oxide* are* of gre*at importance*. Other things being equal, 
cements high in alumina are ejuie*k-se'tting ami quick-hardening; while* 
cements high in iron oxiele are* slow hardening, but attain ultimate 
strength. 

Kinds of material used.— Befem* taking up the* eletaile*el discussion 
e)f the* various raw materials useel in the* manufacture of Portland ceunent, 
semie* gene*ral statements e>n the* kinels and combinations of raw materials 
actually in use will probably be founel se*rvice*able*. 

In order that the* value* anel availability of difTerent raw materials 
may be estimated, it will be* conve‘nie*nt te> assume a ce*rtain ideal com- 
position fe-i a e*eme*nt roe*k. Fe>r the purposes of the pre*se*nt chapter 
this can be done in a sufficiently accurate* way by considering that 
a Peirtlanel-ceanent mixture*, whe*n ready fe>r burning, should contain 
about 75 per cent e)f lime* carbonate (0a('0 ;i ), and abemt 20 pe*r e*c*nt of 
silica (SiOo), alumina (AbO;<), anel irem oxiele* (Fe*i»0:j) together, the 
remaining 5 per cent or so containing any magnesia, sulphur, and alkalies 
that may be present. More exact information em the*se* points will 
be found in Chapter XXIX, where a somewhat ele*taileel discussion of 
the calculation and composition of Portlanel-cement mixtures, together 
with a number of analyses of actual mixtures anel evmemts, will be 
given. 

The essential elements which enter into this mixture — lime, silica, 
alumina, and iron — are all abundantly and widely distributed in nature, 
occurring in difTerent forms in many kinels of rocks; and it can read- 
ily be seen that, theoretically, a satisfactory Portland-cement mixture 
could be prepared by combining, in an almost infinite number of ways 
and proportions, many possible raw materials. Obviously, te>o, we 
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might expect to find perfect gradations in the degree of artificialness of 
such a mixture, varying from the one extreme where a natural rock 
of almost absolutely correct composition was used to the other extreme 
where two or more materials in nearly equal amounts were required 
to produce a mixture of correct composition. 

The almost infinite number of raw materials which are theoretically 
available are, however, reduced to a very few in practice under existing 
commercial conditions. The necessity for producing the mixture as 
cheaply as possible rules out of consideration a large number of mate- 
rials which would be considered available if chemical composition was 
the only thing to be taken into account. Some materials otherwise 
suitable are too scarce and consequently too expensive for such use; 
some are too difficult to pulverize finely and bring into combination. 
In consequence comparatively few combinations of raw materials are 
actually in use. 

In certain favored localities deposits of argillaceous (clayey) lime- 
stones or “ cement rock ” have been found in which the lime, silica, 
alumina, and iron oxide exist in so nearly the proper proportions that 
only a relatively small amount (say 10 per cent or so) of other material, 
added before calcination, is required in order to make a mixture of 
correct composition. Certain blast-furnace slags are also close in com- 
position to the desired mixture, and are list'd like “ cement rock." 

In the majority of plants, however, most or all of the necessary lime 
is furnished by one raw material, while the silica, alumina, and iron 
oxide are largely or entirely derived from another raw material. The 
raw material which furnishes the lime is usually a natural limestone — 
either a hard limestone, a chalk, or a marl— but occasionally an artificial 
product is used, such as the chemically precipitated lime carbonate 
which results as a waste or by-product of alkali manufacture. The 
silica, alumina, and iron oxide of the mixture are usually derived from 
clays or shales, more rarely from slates. 

The various raw materials available for use in Port land-cement 
manufacture differ in composition, physical characters, and origin. As 
to composition , they may be almost (a) purely calcareous, ( b ) a mixture 
of calcareous and argillaceous elements, or (e) almost purely argilla- 
ceous; as to physical characters they may be (a) hard and massive, 
like the hard limestones and slates, (h) soft, like the chalks and shales, 
or (c) granular or unconsolidated, like the marls, clays, alkali waste, 
and granulated slag. As to origin , they may be (a) natural, like lime- 
stones, marls, slates, clays, etc., or {h) artificial, like alkali waste and 
furnace slag. 
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Table 143. 

C’haha<tkk of Poktlwim'kmj nt Matkimals 




Naiiual 


Arnhem] 

• 

thud 

Soft 

l nroiiKoIidntcd 

l nconsohdated 

Calcareous 

(CaCOs over 80 C) 

Pure hard 
limestone 

Pure soft 
limestone or | 
pure chalk j 

Pure marl 
Shells 

Alkali waste 

Argillo-calcareous 
(CaCOj tO to 800 

I laid cla\ e\ 
limestone 
(cement rock) 

Soft limestone 
or clayey 
chalk 

('layey marl 

1 Blast -furnace 
Slag 

Argillaceous 

(CaCOi le^s than 
40', 0 

Slate 

Slmle 

('lay 

(’oal-ash 


A glance at the tabulation above will show the relative physical 
and chemical characters of the different nnv materials. It is obvious, 
if 75 per cent of lime carbonate will make a good cement mixture, 
that any of the mateiials in the middle line (i.e., the Argillo-calcareous 
group) could be us(‘d as a basis and its composition corrected by adding 
either a purely calcareous material or a purely argillaceous material, 
as might be necessary. The cement practice in the Lehigh district is 
an example of this kind of mixing. Hut the same result could be 
obtained by mixing any one of the mateiials on the first line of the 
table (i.e., the Calcareous group) with any one of the argillaceous mate- 
rials listed in the bottom line. This is the method followed at most 
plants outside of the Lehigh district. There is really little to choose 
between the two kinds of mixtures, for the final result is the main thing. 
In later pages the few differences that do exist are pointed out and the 
advantages and disadvantages of each type are mentioned. 

In previous papers the writer has grouped, under six heads, the 
various combinations of raw materials at present used in the United 
States in the manufacture of Portland cement. This grouping is as 
follows: 

(1) Argillaceous hard limestone (cement rock) and pure limestone. 

(2) Pure hard limestone and clay (or shale). 

(3) Soft (chalky) limestone and clay (or shale). 

(4) Marl and clay (or shale). 

(5) Alkali waste and clay. 

(6) Slag and pure limestone. 
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The relative commercial importance of those different combinations 
is indicated by the figures as to output.. 

Examination of the statistics available, which have been arranged 
by the writer from figures given in the various volumes on “ Mineral 

Resources of the United 



1Kj8 U'OJ 1D08 lUU CJ18 


Ei(i Gt — Percent nu.es of total Portlnnd cement output 
produced from different 1 aw materials, ISOS- 10 IS 


States/ 7 issUed by the 
U. S. Ecological Survey, 
will develop several facts 
of interest. In the first 
place it will bo soon that 
the “ c(‘inent-rock 77 type 
of mixture, important 
because of its use in the 
Lehigh district, is slowly 
decreasing in relative 
importance', having fallen 
from almostthroo-fourths 
of the total product in 
1898 to only a little over 
one-quarter the total 
product in 1918. In 
absolute number of bar- 
rels produced per year, 
it is of course still in- 
creasing, but it is no 
longer tin* main type of 
matei ial to bo considered. 

The use of marl as a 
cement material is also 
slowly decreasing in rela- 
tive importance, having 
reached its point of max- 
imum output in 1899, 
when it supplied almost 
one-fifth of all the cement 
made. The hard lime- 
stones, on the other 


hand, have increased steadily in importance from 1898, when they 


produced less than one-tenth of the whole output, to the present time, 


when they produce well over half. 


Quantity of raw materials necessary. — The qualities necessary in 
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each raw material w ill he later discussed, blit here it will he useful to 
briefly consider the quantities necessary for a Portland-cement plant. 

We may assume, without substantial error, that for each thousand 
barrels of daily output a plant will use 225 tons of limestone, 75 tons of 
clay or shale, 1(H) tons of coal (for kilns and power), and 5 tons of gypsum. 

For a \ ear's output on the basis of 8(H) da\s run, the plant will need 
for each l(HH)-barrels daily production: 

(’>7,500 tons of limestone \eaily; 

22,500 tons of clay or shale; 

50, (MM) tons of coal; 

1 ,5(M) tons of g\ psum. 

The coal and g\psiim, unfort unateh , will commonl\ be bought in 
the open maiket; that is a matter which few cement companies have as 
yet de\ eloped propel ly, as ha\e the st <‘el com|)anies. Hut for the raw 
materials piopc*r- the limestone and tin* clay- those will in practically 
all case's be quairied by the cement company fiom its own properties. 
Th(» yearly supply nee*<le*d will um* U)>, on the* basis of limestone weigh- 
ing 100 pounds per cubic foot and shale* weighing 125 pounds di v; 

For each 1000-bai rels daily output, the* plant will use per year 

20 acre-feet of limestone; 

8J acre-feed of clay or shale. 

Since n would baldly pay to locate' a plant on a piopcity containing 
l(*ss than a twenty-year supply (and this is icallv cutting it very fine 
undt'i* ordinary conditions as to profits), the' pmperty should of necessity 
contain: 

For each 1 000-ban <4s daily output: 

400 aeie-feet of limestone; 

170 acre'-feet e>f e*lay or shale. 



CHAPTER XXL 


LIMESTONES 

Thk Portland-eement materials which are discussed in this and the 
following chapters (XXII, XXI II), under the nani(‘s of pur(‘ hard lime- 
stone, chalk, argillaceous limestone, or “ cement rock/’ and marl, agree 
in that they are all forms of limestones, though they differ sufficiently 
in their physical, chemical, and economic characters to be discussed 
separately and under different names. In order to avoid unnecessary 
repetition, no general discussion of limestone will be presented here 
but reference should be made to Chapter VI, where the origin, varie- 
ties, composition, and properties of limestones are described in detail. 
In the present chapter these general facts will be briefly summarized, 
and certain features common to all the typos of limestone used in Port- 
land-cement manufacture will be noted, after which these different 
types will be separately discussed. 

Limestones in General. 

Varieties and origin. — Limestones are rocks composed largely or 
entirely of lime carbonate, or of lime carbonate with magnesium carbo- 
nate. Though one or both of these carbonates will necessarily be the 
principal ingredients in the rock, various impurities may occur. In 
addition to the chemical differences which are thus caused between 
different samples or kinds of limestone, they may also differ in their 
physical characters, or in their methods of origin, or in both of these 
points. 

Limestones are primarily formed by the deposition of lime carbonate 
from sea- or lake-water which carries this salt in solution. This deposi- 
tion may be direct, caused by chemical processes, or it may be effected 
through the agency of living organisms. Tramimr and tufa are chem- 
ically deposited limestones formed by surface waters. Molluscs are able 
to abstract lime carbonate from sea-water and utilize it in the forma- 
tion of their shells. On the death of the animals, these shells sink to 
the sea-bottom and thus aid in the formation of calcareous deposits. 
Microscopic organisms acting in this way are the cause of the forma- 
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tion of chalk, a.s noted later (p. 287). Vegetable life, noting in a more 
indirect way, appears to be an important agency in the dejK)sition of 
marl (p. 80(i). Ordinary limestones may have originated in any of the 
ways noted abort'. After their formation, if subjected to sufficient 
heat and pressure, normal limestones may be eonverted into crystalline 
limestones or marbles. 

All the vaiieties of limestone above named may vary in composition 
and degioe of purity within wide limits. 

Composition of limestones. — The term limestone is used, in its most 
general sense, to include all rocks compost'd largely or entirely of lime 
eaibonato, or of lime carbonate ]>lus magnesium carbonate.* A lime- 
stone of ideal polity will of course* consist of 100 per cent of these car- 
bonates; but few limestones attain even approximate purity and many 
art* very impure. As the percentage of impurities increases, the lime- 
stone becomes more anti more clayey or sandy or shalv, until at last the 
name limestone is no longer applicable. The exact lower limit of the 
group it would be difficult to fix, because the change is gradual, but 
probably all would agree that a rock containing less than 10 per cent of 
carbonates can hardly bo called a limestone, but should rather be termed 
a calcareous clay or sandstone or shale, as the cast* may be. In the 
present volume, therefore, the lower limit in composition of limestones 
will lx* accepted as that above noted— i.e., 40 per cent of carbonates. 

As tin* average composition of a good Port land-cement mixture is 
about thn*('-fourtl)s lime carbonate and one-fourth clayey matter, it 
‘is obvious that such a composition could be secured either by mixing 
a pun* limestone and a pure clay in t lie proportions of about three parts 
limestone and oik* part clay, or by starting with a clayey limestone 
carrying, say, 00 to 85 per cent lime carbonate and adding enough clay 
or pun* limestone to bring this percentage up or down to the required 
75 per cent. The “ cement rock ” of the Lehigh district is an example 
of a highly argillaceous limestone, usually too low' in lime carbonate to 
be a good Portland-cement material of itself and requiring the addi- 
tion of a relatively small percentage of pure limestone. At a few r Lehigh 
district quarries, however, the “cement rock” is a little too high in 

* When discussing Portland-cement materials, the term “limestone” may he 
still further restricted so as to entirely exclude the highly magnesian limestones. 
At present all the Portland cement made is kept as low in magnesia as possible, 
because of the fear that this ingredient may do some harm to the cement As a 
cement carrying over 5 per cent of magnesia (MgO) would be hard to market, a 
limestone carrying over G to X per cent of magnesium carbonate (MgCOj) can 
hardly be classed as a possible Portland-cement material at present 
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carbonate 1 , rathe*r than loo low, so that it requires the addition of clay 
and not of limestone. 

In the present volume the term “cement rock ” will be used to cover 
clayey limestone's low in magnesia and carrying from . r >0 to 80 per 
cent or so of lime carbonate', while' limestones higher than 80 per cent 
in carbonate will be' calk'd for convemience' “ pure' lime*stone*s.” 

Impurities of limestone.-- \Vhe*t her a lime'stone' consists entirely 
e>f calcium carbonate* e>r carries more*, or le'ss of magnesium carbonate 
in addition, it may also contain a great er or le*sse*r amount of distinct 
impuritie'S. From the point of view of the' Port land-cement manu- 
facturer, the more' important of tlie*se impuritie'S are' silica, alumina, 
iron, alkalies, and sulphur, all of which have a marked effect on the 
value of the limestones as a ceanemt material. The*se* impuiitic's will 
the're'feire} be eliscusse*d in the} orek'r in which the*y are' name'd above*. 

The silie*a in a lime'stone may occur either in combination with 
alumina as a claye'y impurity or not combine'd with alumina. As 
the' e'tTe'ct on the value of the' lime'stone weiulel be' ve*ry elifferent in 
the' twe) case's, they will be; takem up se'parate'ly. 

Silica alone.— Silie’a, when pre*se'nt in a lime'stone containing no 
alumina, may occur in erne' of thre'e feirms, and the' form in which it 
occurs is eif gre*at. importance in e'onne'H ion with cement. manufae*ture. 

(1) In pe'rhaps its commonest feirm, silica is pre'sent in nodule's, 
masses, e>r be'ds of flint or e*he*rt.. Silica oe*curring in this feirm will ne>t 
readily ente'r info combination with the* lime' of a e'cmcnt mixture, anel 
a chcrfy or flinty lime'stone* is the're'feire almeist use*le*ss in ceme'nt-manu- 
facture'. 

(2) In a fe*vv (vises, as in the' hydraulic limestone of Te'il, France, 
a large amount of silica is present, and ve*ry little* alumina, notwith- 
standing which the silica readily e'ombine's with the lime on burning. 
It is probable that in such case's the silica is pre'semt in the lime'stone 
in a very fitudy divide'd condition, or possibly as hydrated silica, pos- 
sibly as tho re'sult, of chemical precipitation or of organic action. In 
the majority of case's, how ewer, a highly siliceous lime'stone will not make 
a cement on burning unless it contains alumina in addition to the silica. 

(3) In the crystalline' limestones (marble's) and le'ss commonly in 
uncrystalline lime'stone's, whatever silica is pre'sent may occur as a com- 
plex silicate in the form of shreds of mica, hornblende, or other sili- 
cate mineral. In this form silica is somewhat intractable in the kiln 
and mica and other silicate minerals are therefore to be regarded as 
inert, and useless impuritie'S in a cement rock. These silicates will flux 
at a lower temperature than pure silica and are thus not so trouble- 
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some as flint or chert. They are, however, much less serviceable than 
if the same amount of silica were present m combination with alumina 
as a clay. 

Sihai with alumina . — Silica and alumina, combined in the form of 
clay, are common impurities in limestones, and are of sjK'cial interest 
to the cement manulaetiuer. The best-known example of such an 
argillaceous limestone is the cement lock of th(* Lehigh district of 
Pennsylvania. Silica and alumina, when present m this combined 
form, combine readily with the linn* under the action of heat, and an 
argillaceous limestone therefoie foims an excellent basis for a Port land- 
cement mixt lire. 

Iron.- Iron when pi (‘sent in a limestone occurs commonly as the 
oxide (Ee_»(){) or sulphide (FeS_»); nioir raielv as iron carbonate or 
in comj)le\ silicate. Iron in th(‘ oxide, caibonale, or silicate* forms 
is a useful flux, aiding in the combination of t he lime and silica in t In* 
kiln. When present as a sulphide in the form of the mineral pyrite 
it is to bo avoided in quantifies over 2 or 5 per cent . 

Attains. Soda and potash occur usually in small percentages 
and most commonly in tin* looser-textured limestones. It is probable 
that these alkalies an* largely driven off in the kiln, so that they do no 
particular liaim to tin* cement under ordinary burning conditions in 
rotary kilns, though in tin* old-style dome kilns the alkalies probably 
remained in laige part in the* cement. At present indeed the alkalies 
in the mix yield a certain amount of recoverable potash salts at some 
plants. 

Sulphur. Sulphur may occur combined with lime as lime sulphate, 
or combined with iion as the mineral pyiite. In either case it is an 
injurious impurity, and the presence of over I to 1 \ per cent of total 
sulphur should cause the rejection of the* raw' material. 

Physical characters of limestones.- In texture, hardness, and com- 
pactness the limestones vary from the loosely consolidated marls 
through the chalks to tin* hard, compact limestones and marbles. Paral- 
lel with these variations are variations in absorptive properties and 
density. The chalky limestones mav run as low r in specific gravity as 
1.85, corresponding to a weight of, say, 1 10 pounds per cubic foot, while 
the compact limestones commonly used for building purposes range 
in specific gravity between 2.8 and 2.9, corresponding approximately 
to a range in weight of from 140 to 185 pounds per cubic foot. 

From the point of view of the Port land-cement manufacturer these 
variations in physical properties are of economic interest chiefly in 
their bearing upon tw r o points: the percentage of water carried by 
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the limestone as quarried, and the ease with which the rock may be 
crushed and pulverized. To some extent the two properties counter- 
balance each other, for the softer the limestone the more absorbent 
it is likely to be. These purely economic features will be discussed in 
more detail in later chapters. 

Effect of heating on limestone.— On heating a non-magnesian lime- 
stone to or above 850° ('., its carbon dioxide will be driven off, leav- 
ing quicklime ( calcium oxide, CaO). If a magnesian limestone be simi- 



larly treated, the product would be a mixture of calcium oxide and 
magnesium oxide (MgO). The rapidity and perfection of this decom- 
position can be increased by passing steam or air through the burning 
mass. In practice this is accomplished either by the direct injection 
of air or steam, or more simply by thoroughly wetting the limestone 
before putting it into the kiln. 

If, however, the limestone contains an appreciable amount of silica, 
alumina, and iron, the effects of heat will not be of so simple a char- 
acter. At temperatures of 800° C. and upwards these clayey impuri- 
ties will combine with the lime oxide, giving silicates, aluminates, and 
related salts of lime. In this manner a natural cement will be pro- 
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duced. An artificial mixture of certain and uniform composition 
burned at a higher temperature will give a Portland cement the details 
of whose manufacture are discussed in the present section of this book. 

Pure Hard Limestones. 

Under this heading are grouped limestones of normal hardness 
(excluding the soft chalky limestones and the marls) which carry no less 
than 80 per cent of lime carbonate and less than 0 per cent of magne- 
sium carbonate. Limestones carrying less than 80 per cent of lime 
carbonate are described in the next chapter under the heading of Cement 
Rock. The boundary between the two classes is of course an arbitrary 
limit, and 80 per cent of CaCOa has been selected for convenience. As 
a matter of fact, most of the limestones used in cement -plants are much 
purer than the lower limit above fixed, ranging usually from 90 to 95 
per cent of lime carbonate. 

Soon after the American Port land-cement industry had become 
fairly well established in the Lehigh district, attempts were made in 
New York State to manufacture Portland cement from a mixture of 
pure limestone and clay. These attempts were not commercially suc- 
cessful, and although their lack of success was not due to any defects 
in the limestone used, a certain prejudice arose against the use of the 
hard limestones. In recent years, however, this has disappeared, and 
a very large proportion of the American output is now made from mix- 
tures of limestone with clay or shale. (See page 274 for comparative 
figures.) This reestablishment in favor of the hard limestone is doubtless 
due in great part to recent improvements in grinding machinery, for 
the purer limestones are usually much harder than argillaceous lime- 
stones like the Lehigh district “ cement rock.” 

Composition of hard limestones actually used.— In Table 144 analyses 
of a large number of limestones used at American cement-plants are 
given. On examination it will be seen that most of these limestones 
range from 49 to 54 per cent of lime (OaO) and thus represent quite 
pure rocks, since a theoretically pure limestone composed entirely of 
lime carbonate (CaCOa) will contain only 5fi per cent of lime (CaO), 
the remaining 44 per cent being carbon dioxide (C0 2 ). With few excep- 
tions the limestones analyzed carry less than 1 per cent of magnesia 
(MgO). Their sulphur percentages are also low, which appears to be 
more commonly the case in dealing with a hard limestone than when 
a soft limestone or marl is in question. The same may be said in regard 
to alkalies. 
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Table 144. 


Analyses of IIahd Limestones Used at Amehk an Cement-plants 
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15 Pacific P C Co Suiatin, Calif C J Wheeler, anah st 

0 Southern States P C Co , Hockmart, Cm .1 F Davis. anahst 

7 Chicago P C Co , Ojrleshv, 111 Quoted in manufacturers’ circular 

8 Marquette C Co , Onleshv, III 20th Ann Hep V S (J S , pt <>, p , r >44 
9-12 German \mencan P C Works, La Salle, III W K Pressing, anahst 

13 Lehigh P C Co , Mitchell, I ml F W Clarke, annlvst 
14-15. Bedford P C Co , 1V<1 ford, Ind A W Smith, nnahst 20th Ann Hep U S Geol 
Survey, pt (1, p 381. 



LIMESTONES 


283 


10 Iola P C Co , Iola, Kansas H N Stokes, analyst Hull 7S, V S (I col Survey, u 124 

17 IS Iola P (' ('o , Iola, Kansas 

IS) Kansas P (' Co , Iola, Kansas 

20 24 Mix'iia 1* (’ Co , Mpeiia, Mieh 

25 2t> \tlas P (' ('o , I1-.M-0, Mo 

27 Aths P C Co , lias.... Mo P Dav nlson, -umlv st 

2.S ( 'atskill P (' Co , Smith's bunding, N \ 

20- 1(1 IMtUtk P (’ (o.lU. uCavr, \ 'i HI tok. analyst 

31 31 Cayuga P C Co Portland Point, N \ I II Milium anilvst 

34 (Hens falls P C Co , Chum Palls, N \ Minn tl Industry, \ ol ti, p 07 

3» Ironton J’ C Co, Irontoti, Ohio 0 1) (jun k, anal\ st 

30 Mma P C Co , W ellston, ( Hi u> 21st Win Hep l .s Cool Survey, pt 0, p 102 

37-30 Diamond I’ C Co, Middle Hranrh, Ohio P Davidson 

10 W< llston, P ( (o,\\<llstoii, ()luo \N S I ruehlood , a na 1 v s( 

414 1 ( resrent P ( (o, Wampum, Pa Robertson Pros, aualvsts Report Q Q , Penna 

Ceol Surv . p 107 

45 \ lrgmia P. C Co , Craigsv tile, Va. Cement Industry, p 235. 


Ill prospect uses and in the reports of “cement experts’' analyses 
of limestones averaging 98 or 99 per cent of lime carbonate are quite 
common, but in real life a quarry that will steadily turn out limestone 
94 per cent pure* is about as good as can be hoped for. With a lime- 
stone of this degree of purity little attention need be paid to the char- 
acter of the remaining (> per cent of impurities. But when a limestone 
carrying 90 per cent or less of lime carbonate (equivalent, to about *50 
per (‘(>nt of lime) is in use or under consideration, the character of the 
impurities becomes of the first importance. 

Of course objectionable percentages of sulphur compounds or mag- 
nesia would be enough to debar a limestone from use, but even when the 
impurity consists of clayey matter (silica, alumina, and iron oxide) its 
exact composition is a matter of importance and should be carefully 
studied. The matter of interest is the ratio given for the formula 


Percentage silica (SiOj) 

Pci cent age alumina ( Alj< ),0 -f percent age iron oxide (Fe.>() :< )' 


It is to be noted that the importance of this question increases as 
the limestone becomes less pure'. The icason for this is obvious. Sup- 
pose' wo an* dealing with two limestones of respective composition: 


Lime carbonate 
Silica 
Alumina 
Iron oxide 


\ 

H 

). r > 00 

80 00 

\ 00 

10 (X) 

0 70 

2 80 

0 30 

1 20 


The ratio 


_ Sl(>2 _ 

ABOad- b 02O3 


will in each case give a value of 4.0; 


but 


the result to tlu* cement manufacturer will be very different. If he 
uses limestone A, its silica-alumina ratio is of little importance, for 
as the limestone is very pure (95 per cent CaCO;*) it will require the addi- 
tion of considerable clay. The silica-alumina ratio of the mix will there- 
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fore be determined by that of the clay, not by the ratio shown by the 
limestone; and the manufacturer can select a clay which will give what- 
ever he considers a desirable ratio for the mix. 

But if he should use limestone B, it would require but little clay, 
since it is already very clayey; and it would be almost impossible to 

find a clay sufficiently aluminous to reduce the ratio 

J Al 2 () 3 +Fe 2 03 

much below the 4.0 which is fixed by the limestone. 



Fig GO — Working heavy horizontal bed of limestone 


For this reason it may be taken as a safe rule that when a limestone 
carries less than 90 per cent of lime carbonate it should give a value 

of between 2.25 and 3.0 for the ratio -rrTV- rh~~rr- These are comfort- 

Al 2 (>3+l'e 2 ()3 

able limits, and will give the manufacturer considerable latitude in his 
choice of a clay to mix with it. 

Prospecting and examining limestone deposits. — The prospector 
looking for a deposit of good limestone, or the engineer engaged to 
report on a deposit already located, should both realize that much 
trouble can be avoided if they will first familiarize themselves with 
the work that has been done by geologists in the areas under consider- 
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ation. Most states now have geological surveys, and there are few 
important limestone deposits that have not been located and examined 
by these organizations or by the Federal survey. Numerous reports 
on these subjects have been issued by State or Federal (ieologicid Sur- 
veys, and these reports can usually be obtained free or at a merely 
nominal price on application to the projxT officials. If such a 
report can be obtained covering the area to be examined it will do 
away with a lot of preliminary work on the part of the prospector or 
engineer. 

Preliminary Examination. — In commencing work, it is desirable 
to prepare a rough map of the area. For this purpose high accuracy 
is not required, and a pocket compass or Brunton compass, with a Locke 
level, and a small protractor will be the only instruments required. 
With these a map can be made and plotted on a scale of 50 or 1 (K) feet 
to the inch, distances being measured by pacing. The location of any 
natural outcrop, pits, wells, road or railroad cuts, and streams should 
be shown on the map, and their relative elevations ascertained as exactly 
as possible. When the rocks are lying almost horizontally, the loca- 
tions of the outcrops are of far loss importance than their elevations. 

If there arc sufficient good exposures of the rock, in either natural 
or artificial cuts, samples should be collected from these 1 outcrops. The 
weathered part of the rock should be rejected, can* being taken that 
the samples represent the fresh, undecomposed rock. When the natural 
exposures are not satisfactory, it will bo necessary to secure samples 
by trencher, pits, or boring. 

Most of the limestones with which the cement manufacturer may 
have to deal occur in beds or layers which are practically horizontal. 
In the Appalachian and other disturbed districts, however, the beds 
may be tilted to a considerable angle with the horizontal, and in rare 
cases they may even be almost vertical. Usually samples from differ- 
ent parts of the same bed (within reasonable distances of each other) 
will be very similar in composition; but, on the contrary, two adjoin- 
ing beds may differ greatly from each other. 

In sampling, therefore, it is desirable to collect at least one speci- 
men from each bed or layer, noting the thickness and position of the 
bed. Even thin beds should not be neglected, for a thin layer of 
highly magnesian rock might prove a serious drawback to the eco- 
nomical working of the quarry if its presence were unsuspected. 

When the beds are horizontal or nearly so a stream gorge or road 
cut may furnish a good idea of the character of the different beds. In 
default of such an exposure, it will be necessary to sink test pits to 
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the rock, unless it is exposed conveniently at the surface, and then 
secure samples from various depths by drilling. Whenever possible 
the diamond-drill is the most satisfactory exploring device, for it is 
practically an automatic sampler. 

When the beds are steeply inclined, a trench cut across at right 
angles to the bedding will expose a series of beds and enable each to 
be sampled. 

If the beds are horizontal or nearly so, and the various samples 
show little difference in composition, such a preliminary examination 
as is described above may be all that is required. In ease the rock- 
beds dip at high angles, or if folds or faults are suspected, it will be 
safest to call in a geologist or mining engineer as associate. If the 
analyses disagree markedly, it will be advisable to undertake a more 
detailed examination of the area. 

Detailed Mapping and Sampling. — A much more detailed examina- 
tion is always desirable before the actual ('reel ion of the plant is com- 
menced. Such an examination will decide the best possible location 
for the quarry, and should also give data which will aid in keeping a 
uniform mix. 

For these purposes a contour map, with 1-, 5-, or 10-foot contours, 
according to the slope, on a scale of 25 feet, to the inch, should be care- 
fully prepared. The area to be examined should be laid out in 25- or 
50-foot squares and their corners marked and numbered to correspond 
to their locations on the map. At least three good points should be 
selected as permanent bench-marks, far enough away from the pros- 
pective quarry-site as not to be disturbed by excavation or blasting, 
and the locations and elevations of these points should be candidly 
determined and placed on the map. 

Sampling should now be taken up carefully. For final work this 
can be done satisfactorily only with the diamond drill. Drill-holes 
should be put down at every corner of the 50-foot squares. Each 5 
feet of the core should be sampled and analyzed separately, to a depth 
of at least 50 feet. If the rock dips steeply, or if fen* any other reason 
a deep, narrow quarry seems probable, the drilling should be continued 
to 200 feet. If the cores from adjacent bore-holes give' closely similar 
analyses, closer drilling is not necessary. But if two sample's taken 
at the same depth from two adjoining hole's show differences of more 
than 3 per cent in their lime carbonate, or more than 1 ) per cent in 
silica, alumina, iron oxide, or magnesium carbonate, it will be best to 
drill at the intermediate 25-fe)ot point. 

With the data thus obtained operations can be conducted with 
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some confidence. Sections should ho plotted to correspond to each 
row of drill-holes, and at the proper vertical points the drill record should 
be shown graphically, using different colors or conventions to distin- 
guish rocks of different composition. The direction and amount of 
dip or slope of the rock-beds can he determined from observation of 
natural outcrops; and this will guide the engineer in drawing lines on 
the* sections to connect tin* diffeient borings. 

The sections or profile's will serve as a basis for determining the 
amount and location of the different grades of rock. In this connec- 
tion if will bo safe to assume a weight of JtiO pounds per cubic foot for 
limestone in the quairy, and to recollect that one thousand barrels a day 
output will use up about 850,000 cubic fa t of limestone per year. This 
corresponds veiy closely to 20 nore-foct of limestone a year for each 
thousand bands of daily output. 


Chalk and Other Soft Limestones. 

('balk, properly speaking, is a pure carbonate of lime composed of 
the remains of the shells of minute organisms, among which those of 
Foraminifera an* especially prominent. The chalks and soft limestones 
discussed in this chapter agree not only in having usually originated 
in this way, but also in being rather soft and therefore readily and 
cheaply crushed and pulveiized. As Port land-cement materials they 
are therefore almost ideal. One defect, however, which to a small 
extent counterbalances their obvious advantages is the fact that most 
of these soft, chalky limestones absorb water quite readily. A chalky 
limestone which in a dry season will not carry over 2 per cent of moist- 
uie as quarried may in consequence of prolonged wet. weather show aa 
high as 15 or 20 per cent of water. This difficulty can of course be 
avoided if (‘are lx* taken in qunrning to avoid unnecessary exposure 
to w r ater and, if necessary, to provide facilities for storing a supply of 
the raw materials during wet seasons. It can be treated even more 
simply by adopting the wet method of manufacture, which with kilns 
175 feet long or over gives very economical results. 

Origin of chalk. — The term chalk is properly applied to a fine- 
grained and usually very pure limestone, formed largely or entirely of 
the calcareous shells of microscopic organisms. These shells are chiefly 
of the minute Foraminifera, though equally small and smaller calcareous 
particles of various shapes also occur. Calvin describes * a section of 
chalk from Iowa as follows: 

* Reports Iowa Geological Survey, vol 3, p 22 1 1895. 
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“ In thin sections under the microscope the unbroken shells of Foram- 
inifera are very conspicuous. They lie in close proximity to each 
other, and their inflated chambers, filled with crystals of calcite, some- 
times occupy more than one-third the area of the entire field. It is 
certain that more than one-fourth, and in some instances more than 
one-third, of the volume of the chalk is composed of foraminiferal shells 
still practically entire. The matrix in which the shells are embedded 
is made up of a variety of objects, the most numerous and the most 
conspicuous under proper amplification being the circular or elliptical 
calcareous discs known as coccoliths. The small rodlike bodies to 
which the name rhabdoliths has been applied arc not very common, 
although their pressure is easily detected with a moderately high-power 
objective. Mingled with coccoliths and rhabdoliths are numerous 
fragments that are evidently the debris resulting from comminution of 
foraminiferal shells. When the chalk is treated with acid there remains 
a small amount of insoluble matter consisting of clay, fine grains of 
quartz sand, minute pebbles not exceeding 5 millimeters in diameter, 
and a very few internal casts of the chambers of Foraminifera. Nearly 
all the foraminiferal shells have the chambers filled with calcite; a few 
have these cavities still empty; but in a small number of cases the 
chambers were fdled with an opaque, insoluble mineral, probably silica 
deeply stained with iron oxide, that remains as perfect internal casts 
after the shell has been dissolved in acid. The amount and composition 
of the residuum varies with the purity of the chalk. In some samples 
it scarcely exceeds 1 per cent, in others it is equal to 10 per cent.’ , 

Chalk was probably deposited in deep, quiet water little affected 
by debris from the land. At present material of exactly similar type 
is being formed in the deeper portions of the North Atlantic and other 
oceanic basins. 

Distribution of chalk and soft limestones. — Both the true chalks 
and the other soft limestones here considered are of comparatively recent 
geologic age, occurring only in Cretaceous or Tertiary rocks. There 
is also a certain geographic unity apparent, for both types occur only 
along the Atlantic and Gulf coasts and in the Western States. For 
detailed information regarding the distribution of these rocks reference 
should be made to the papers and reports listed on page 291. In the 
present place only a summary can be given covering the more important 
features of the subject. 

The true chalks occur only in formations of Cretaceous age in certain 
Southern and Western States. The principal chalk deposits available 
for use in Portland-cemcnt manufacture occur in three widely separated 
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areas occupying respectively (a) parts of central Alabama and north- 
eastern Mississippi, ( b ) southwestern Arkansas and central Texas, and 
(c) parts of Iowa, Nebraska, North and South Dakota, Colorado, and 
other States of the ( ireat Plains region. Though the chalk is in all these 
areas of approximately the same age and character, the formations 
containing it* have been given different names — i.e., the Selma chalk, 
in Alabama and Mississippi; the WhiteclifTs chalk, in Arkansas; the 
Austin chalk, in Texas; and the Niobrara chalk, in the Great Plains 
region. 

In addition to the true chalks, soft limestones of Tertiary age occur 
in all the Atlantic and Gulf (’oast States from Virginia to Mississippi 
inclusive, as well as in California. These are the materials commonly 
described as “ marls ” in the older geological reports, though they are 
in no way related to the fresh-water mails now so largely used in Port- 
land-ccment manufacture, discussed in Chapter Will. 

Physical Properties. -When dry, the chalks and soft, limestones 
are commonly considerably lighter than the hard limestones. As 
noted on a previous page, the chalky limestones may run as low in 
specific gravity as 1.8.") corresponding to a w'eight of about 1 10 pounds per 
cubic foot, while the hard, compact limestones in common use range in 
specific gravity from 2.3 to 2.9, corresponding approximately to a range 
in weight of from 1 10 to 1 So pounds per cubic foot. 

The low weight- above quoted is, however, exceptional, and the soft 
limestone's may be expected to range between 125 and 150 pounds per 
cubic foot w hen dry. They are usually very porous, however, and but 
brief exposure to water will increase their weight and moisture content 
remarkably. This, indeed, is their single defect from the point of view 
of the cement manufacturer, for during a rainy season or with a badly 
drained quarry he may have to handle a material carrying 15 or 20 per 
cent of moisture. 

Otherwise they are admirable cement materials, being soft and 
easily quarried and ground. 

Composition of chalks and soft limestones used in cement-plants. — 

In composition the chalks and other soft limestones vary from a rather 
pure lime carbonate low in both magnesia and clayey matter to an 
impure clayey limestone of about the composition of the I /'high district 
cement rock. Magnesium carbonate is randy present in quantities of 
over 2 or 3 per cent, but alkalies, sulphur, and phosphoric acid may 
occur in sufficient percentages to require careful considerations. 

Examining chalk deposits. — The chalk deposits of most of the 
States have been carefully mapped by geological surveys, and much 
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time will be saved by procuring and studying the proper reports. These 
will give general data on the distribution and character of the chalk 
formations. 

Table 145 . 


Analyses of Pitre Chalks Used in American Cement-plants. 



l 

i 

2 j 3 

4 

5. 

0 

7 

8. 

Silica (SiOj) 

5.33 

4 42 

6.00 

3 83 

4 14 

2 15 

5 77 
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Alumina (A1 2 0 3 ) .... 

j 3 03 

/ 2 21 

3 52 

} 2 31 

/ 1 81 

1 2 72 
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/0 92 

Iron oxide (Fe*()») . . . 

\ 1 03 

1 20 

\2 72 

\0 18 

Lime (CaO) .... 

50 53 

53 36 

49 24 

52 16 

51 00 

52 48 

50 45 

54 08 

Magnesia (MgO) .... 

0 55 

n. d. 

n. d 

0 14 

tr. 

n d. 

0 28 

0 10 

Alkalies (K 2 0,Na 2 0) . 

n. d. 

n. d 

n. d 


tr 

n. d. 

n. d. 

n. d. 

Sulphur trioxide (SO*) 

n. d 

n. d. 

n d. 

0 20 

0 50 

n. d. 

n d. 


Carbon dioxide (C0 2 ) 
Water 

50 30 
n. d. 

n. d. 
n d 

n. d 
n. d 

| 41 64 

/ 39 99 
\ n. d 

n. d. 
n. d. 

40 00 
n. d 

1 42.50 





1 WhitrelifTs P. C Co , Whited ifTs, Ark 18fh Ann Rpp , U S Geol Survcy.pt 5. p 1174. 
2-3. " “ " “ Trans Amor Institute Mmmg Engra., vol. 21. 

4 Western P. C Co , Yankton, S 1) C B MeVav, analyst. 

5. “ “ “ " Mineral Industry, vo! 1, p 52 

6. " * “ " “ “ vol (5, p 97 

7. Alamo Cement Works, San Antonio, Texas 22d Ann Rep IJ 8 Geol. Survey, pt 3, p. 737. 

8. Almendarcs P C Co , Munnao, Cuba. Engineering Record, vol. 49, p. 30. 


Table 14(>. 

Analyses of Clayey Chalks Used in American Cement-plants 







Silica (Si0 2 ) 

Alumina (A1 2 0.) 

Iron oxide (F 2 Oj) ... 

Lime (CaO) 

Magnesia (MgO) . 

Sulphur trioxide (SO t ). . 
Carbon dioxide (C0 2 ) 

Water 

9 88 
} 6 20 

43 19 

0 52 
n d 

34 49 

5 72 

7.64 

7.62 

45 20 

0 59 

1 62 

36 06 

1.36 

12 13 
/ 4 17 \ 

\ 3 28 J 
42 04 

0 41 
n d 

33 51 
n. d. 

13 32 

8 74 

41 41 

0 67 

0 27 

33 26 
n d. 


In examining chalk deposits it is well to recolloct that they are always 
found in thick and almost horizontal beds. Stream ravines usually 
give good natural sections, which will serve to give a preliminary idea 
of the character of the rock. In securing samples, the earth-auger 
gives satisfactory results in most chalk deposits, because the material 
is usually soft enough to be penetrated readily by this tool. 

The principal impurities to be guarded against are nodules of pyrite 
and grains of sand, both of which are very common in many American 
chalk deposits. 

List of references on chalks and soft limestones. — The following 
papers deal largely with the chalky limestones of the United States. 
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For convenience of reference those which consider chiefly the origin and 
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ARGILLACEOUS LIMESTONE. CEMENT ROCK 

The term “cement rock ” is here used to include all the very clayey 
limestones carrying from 50 to 80 per cent of lime carbonate, with 
correspondingly high percentages of argillaceous matter, and less than 
8 per cent of magnesium carbonate. It is evident that an argillaceous 
limestone low in magnesia, and containing .approximately 75 to 77 per 
cent of lime carbonate and 20 per cent or so Of clayey materials (silica, 
alumina, and iron oxide) would be the ideal material for use in the 
manufacture of Portland cement; for a rock of this composition would 
contain within itself, mixed in the proper proportions, all the ingre- 
dients necessary for the manufacture of a good Portland. Such an 
ideal rock would require the addition of no other raw material, but when 
burnt alone would give a good cement. 

This ideal cement material is, of course, never realized in practice, 
but certain deposits of clayey limestone approach it very closely in 
composition. A limestone 4 carrying 70 or 80 per cent of lime car- 
bonate and 20 to 80 per cent clayey matter will require the addition 
either of pure limestone or of clay in order to bring it to the desired 
composition for a Portland-eement mixture. But it will be, of itself, 
so near to the correct composition that it will need but little of the extra 
raw material to make it absolutely perfect. Deposits of such “ cement 
rocks ” possess important technologic advantages, and have been sought 
for with great industry. Many such deposits of clayey limestones, low 
in magnesia, occur in various parts of the United States, but few of them 
are well located with regard to transportation routes, fuel supplies, and 
markets. 

The most important of these argillaceous limestone, or “ cement- 
rock,” deposits is at present that which is so extensively utilized in Port- 
land-cement manufacture in the “ Lehigh district- ” of Pennsylvania and 
New Jersey, though similar “ cement rocks ” occur in many other States. 
As the Lehigh district still produces one quarter of the Portland cement 
manufactured in the United States, its raw materials will be described 
below in some detail, after which other areas of “ cement rock ” will 
be briefly noted. 
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Cement Rock of the Lehigh District, Pennsylvania-New Jersey. 

The “ Lehigh district ” of the cement manufacturer has been so 
greatly extended in recent years that the name is now hardly appli- 
cable. Originally it included merely an area alxmt 4 miles square, 
located along the Lehigh River partly in Lehigh County and partly in 
Northampton County, and containing the villages of Egypt, Coplay, 
Northampton, Whitehall, and Siegfried. The cement-plants which were 
early located here secured control of most of the cement-rock deposits in 
the vicinity, and plants of Liter establishment have therefore been forced 
to locate farther away from the original center of the district. At 
present the district includes parts of Berks, Lehigh, and Northampton 
Counties, Pa., and Warren County, N. J., reaching from near Reading, 
Pa., at the southwest, to a few miles north of Stowartsville, N. J., at the 
northeast. It forms an oblong area about 25 miles in length from 
southwest to northeast and about 4 miles in width. Within this area 
about twenty Portland-ceiuent plants are now in operation, and the 
Portland cement produced in this i (datively small district amounts to 
a quarter of the entire United States output. 

Geology of the districts — Within the “ Lehigh district ” three geo- 
logic formations occur, all of which must be considered in attempting to 
account for the distribution of the cement materials used here. These 
three formations arc*, in descending order, the (1) Hudson shales, slates, 
and sandstones; (2) Trenton limestone* (Lehigh cement rock); (3) Kit- 
tatinny linn stone (magnesian). As all these rocks dip, in general, north- 
westward, the* Hudson rocks occupy the northwestern portion of the 
district, while the cement rock and magnesian limestone outcrop in 
succession farther southeast. 

Hudson shale.- This series includes very thick beds of dark -gray 
to black shales, with occasional thin beds of sandstone. In certain 
localities, as near Slatington and Bangor, Pa., and Newton, N. J., these 
shales have been so altered by pressure as to become slates, the quarry- 
ing of which now supports a large roofing-slate industry. 

The composition of the typical shales and slates of the Hudson for- 
mation is well shown by the following analyst's (Table 147). 

The geographic distribution of the Hudson shales and slates in the 
Lehigh district can be indicated only approximately without the pres- 
entation of a geologic map of the area. They cover practically all of 
Northampton, Lehigh, and Berks counties north of a line passing 
through Martins Creek, Nazareth, Bath, Whitehall, Ironton, Guthsville, 
Monterey, Kutztown, Molltown, and Leesport. 
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The rocks of the Lehigh district have a general dip to the northwest, 
though there are numerous local exceptions to this rule. The lowest 
beds of the Hudson series, therefore, are those which outcrop along the 
southern boundary of the formation, as above outlined. These lowest 
beds carry much more lime and less silica, alumina, and iron than the 
higher beds whose analyses are given in Table 147. The lowest beds 
form a natural transition into the underlying cement rock. 


Table 147. 

Anaiases of JIcdson Shack and Slate in Pennsylvania and New Jersey 



l 

2 

3 

4 


IVi ( 3*1) ( 

IVi Cent 

Pci ( 'rnt 

l’cr Cent 

Silica (Si0 2 ) 

08 02 

08 00 

50 00 

* 70 22 

Alumina (AhOi) 

12 OH 

11 40 

21 (X) 

j 13 05 

Iron oxide (1 m> 2 ()0 

4 20 

5 io 

5 05 

Lane (Cat >) 

l :u 

2 08 

3 42 

2 07 

Magnesia (MgO) 

1 80 

1 f>l 

2 30 

0 93 

Alkalies 

3 73 

0 11 

0 50 

n d. 

Carbon dioxide (( ’() 2 ) 

2 90 

2 30 

2 20 

n d 

Water (IbO) 

4 47 

2 70 

3 00 

n d 


+ Insoluble 


1 Lust Bangui, Pu U0( li Ann liep IJ S (J<v>l Survey, pt p 43(1 

2 1 mile not thuest of Colenmnville, N .1 ( Jeology New Jersey, 18()S, p 130 

3 Delaware Water (!ap, N J Urology New Jersey, 1808, p 130 

I Lafayette, N J Wept New Jersey State (leol for 1000, p 71 

Trenton limestone . — The Lehigh cement rocks, which are equivalent 
in age to the Trenton limestone beds of New York, are made up of a 
series of argillaceous limestones. The formation appears to vary in 
thickness from 150 feet in New Jersey to 250 feet or even more at Naz- 
areth and on the Lehigh River. Its upper beds near the contact with 
the overlying Hudson shales are very shaly or slaty black limestones 
carrying approximately 50 to 00 per cent of lime carbonate and 40 to 50 
per cent of silica, alumina, iron, etc. Lower in the formation the per- 
centage of lime steadily increases, while that of clayey material decreases 
correspondingly, until near the base of the formation the rock may carry 
from 85 to 95 per cent of lime carbonate with only 5 to 15 per cent of 
impurities. This change in chemical composition is accompanied by a 
change in the appearance and physical character of the rock, which grad- 
ually loses its slaty fracture and blackish color as the percentage of lime 
increases, until near the base of the formation it is often a fairly mas- 
sively bedded dark-gray limestone. Even so, it can usually be readily 
distinguished from the magnesian Kittatinny limestone, described below, 
for the cement rock is always darker than the magnesian limestone and 



ARGILLACEOUS LIMESTONE: CEMENT ROCK 


295 


contains none of the chert beds which are so common in the magnesian 
rock. 

The Lehigh cement rock is never nearly so high in magnesia as is 
the underlying Kittatinny limestone. It does, however, carry con- 
siderable magnesia (as compared with other Port land-cement materials) 
throughout its entire thickness, and few anahses will show less than 
4 to 6 per cent of magnesium carbonate. The following series of 
analyses is fairly representative of the lower, middle, and upper beds 
of the formation. The specimens from the upper beds, near the Hud- 
son shales, show' considerably less lime and more clayey matter than 
those from the lower parts of the formation. 
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The specimens whose* 

analyses 

are given above 

were mostly from 


the vicinity of Belvidere, N. J., and though representative in other 


respects, seem to have been rather lower in magnesia than the usual 
run of the Trenton limestone in the Lehigh district. 

Kittatinny magnesian limestone . — Underlying the cement-rock series 
is a very thick formation consisting of light-gray to light-blue massive- 
bedded limestone, w r ith frequent beds of chert. These limestones are 
predominantly highly magnesian, though occasionally beds of pure 
non-magnesian limestone will be found in the series. The magnesian 
beds are, of course, valueless for Port land-cement manufacture, but 



CEMENTS, LIMES, AND PLASTERS. 


zytj 

the pure limestone-beds furnish part of the limestone used in the Lehigh 
district for addition to the cement rock. An excellent example of this 
is furnished by the quarry near the east bank of Lehigh River, just 
above Catasauqua. In this quarry most of the beds are highly mag- 
nesian, and are therefore useful only for road metal and flux; but a 
few pure limestone bods occur, and the material from these low-magnesia 
beds is shipped to a neighboring cement-mill. 

Numerous analyses of the highly magnesian limestones are available, 
from which a few typical results have been selected for insertion here. 
Analyses of the purer limestone, used to add to the cement rock, will 
be found in the table on page 298. 
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Analykkh of Kitta tinny Maonksun Liwkhtonk * 
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* From viii ions reports of the Now Jorsoy Cicologiail Survey 

1 Chandlers Island, Suhhox County, N J A, <> (Minton, Hunterdon County, N J 
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.M, Aslmry, Warien Countv, N J K, 0 Peapnek, N J 

4. Oxford Furnace, Sussex County, N J 10 Anmuulule, N J 

While all of the above analyses are from New Jersey localities, the 
magnesian limestone of the rest of the Lehigh district would give closely 
similar results. 

Throughout most of the Lehigh district the practice is to mix a 
small amount of pure limestone with a relatively large amount of the 
“ cement rock ” or argillaceous limestone, in order to bring the lime 
carbonate content up to the percentage proper for a Portland-cement 
mixture. As above noted, all of the “ cement rock ” is derived from the 
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middle part of the Trenton formation, where the beds will run from 
60 to 70 per cent of lime carbonate. The pure limestone which is 
required to bring this material up to the necessary percentage of lime 
carbonate (75 per cent or so) is obtained either from the lower portion 
of the Trenton itself or from certain low-magnesia beds occurring in 
the Kittatinny formation. 

In the plants located near Bath and Nazareth, however, the practice 
has been slightly different. In this particular area the cement-rock 
quarries usually show rock carrying from 75 to 80 per cent of lime car- 
bonate. The mills in this vicinity, therefore, require practically no 
pure limestone, as the quarry rock itself is sufficiently high in lime 
carbonate for the purpose. Indeed, it is at times necessary for these 
plants to add clay or slate, instead of limestone, to their cement rock, 
in order to reduce its content of lime carbonate to the required figure'. 
In general, however, it may be said that Lehigh practice is to mix a 
low-carbonate cement rock with a relatively small amount of pure; lime- 
stone, and analyses of both these materials, as useel at various plants 
in the elistrict, are given below in Tables 150 and 151. 

Character and composition of the cement rock — The cement, rock is a 
dark-gray te) black, slaty limestone, breaking with an e»ven fracture 
into flat pieces, which usually have smooth, glistening surface's. As 
the percentage of lime carbonate in the rock increases — i.e., as the 
lower heals e)f the formation are reached — the e*ole)r becomes a somc- 
what lighter gray and the surfaces of the' fragments le>se' their slaty 
appearance 

The range in ce)inpe)sitie>n of the cement rock as used at various 
plants is well shown in the* first e'ight columns of the above table. The 
nearer the material from any given quarry or part of a quarry approaches 
the proper Portlanel-cement composition (say 75 to 77 per e*(*nt lime 
carbonate) the less addition of pure limestone will be necessary. In 
by far the greater part of the district, as above noted, the cement rock 
is apt to run about 65 to 70 per cent of lime carbonate, therefore requir- 
ing the addition of a proportionate amount of limestone. Most of 
the quarries near Bath and Nazareth, however, have been opened 
on beds of cement rock running considerably higher in lime carbonate 
and occasionally running so high (80 i>er cent, etc.) as to require the 
addition of shale or clay rather than of pure limestone. 

Character and composition of the pure limestones. — The pure lime- 
stones added to the cement rock are commonly gray and break into 
rather cubical fragments. The fracture surfaces show a finely granu- 
lar structure quite distinct in appearance from the slaty cement rock. 
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In composition the limestones commonly used will carry from 90 to 
96 per cent of lime carbonate, with rather less magnesium carbonate 
than is found in the cement rock. All of the cement-plants own and 
operate their own cement-rock quarries, but most of them arc com- 
pelled to buy the pure limestone. When this is the case only very 
pure grades of limestone are purchased, but when a eement«*plant owns 
its limestone quarry material running as low as 85 per cent of lime 
carbonate is often used. 


Table 150. 

Analyses ok Highly Clayey Limestones: “Cement Rock” 
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Table 151. 

Analyses of Pure Limestones Used for Mixing with Cement Rock. 
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middle part of the Trenton formation, where the beds will run from 
60 to 70 per cent of lime carbonate. The pure limestone which is 
required to bring this material up to the necessary percentage of lime 
carbonate (75 per cent or so) is obtained either from the lower portion 
of the Trenton itself or from certain low-magnesia beds occurring in 
the Kittatinny formation. 

In the plants located near Bath and Nazareth, however, the practice 
has been slightly different. In this particular area the cement-rock 
quarries usually show rock carrying from 75 to 80 per cent of lime car- 
bonate. The mills in this vicinity, therefore, require practically no 
pure limestone, as the quarry rock itself is sufficiently high in lime 
carbonate for the purpose. Indeed, it is at times necessary for these 
plants to add clay or slate, instead of limestone, to their cement rock, 
in order to reduce its content of lime carbonate to the required figure'. 
In general, however, it may be said that Lehigh practice is to mix a 
low-carbonate cement rock with a relatively small amount of pure; lime- 
stone, and analyses of both these materials, as useel at various plants 
in the elistrict, are given below in Tables 150 and 151. 

Character and composition of the cement rock — The cement, rock is a 
dark-gray te) black, slaty limestone, breaking with an e»ven fracture 
into flat pieces, which usually have smooth, glistening surface's. As 
the percentage of lime carbonate in the rock increases — i.e., as the 
lower heals e)f the formation are reached — the e*ole)r becomes a somc- 
what lighter gray and the surfaces of the' fragments le>se' their slaty 
appearance 

The range in ce)inpe)sitie>n of the cement rock as used at various 
plants is well shown in the* first e'ight columns of the above table. The 
nearer the material from any given quarry or part of a quarry approaches 
the proper Portlanel-cement composition (say 75 to 77 per e*(*nt lime 
carbonate) the less addition of pure limestone will be necessary. In 
by far the greater part of the district, as above noted, the cement rock 
is apt to run about 65 to 70 per cent of lime carbonate, therefore requir- 
ing the addition of a proportionate amount of limestone. Most of 
the quarries near Bath and Nazareth, however, have been opened 
on beds of cement rock running considerably higher in lime carbonate 
and occasionally running so high (80 i>er cent, etc.) as to require the 
addition of shale or clay rather than of pure limestone. 

Character and composition of the pure limestones. — The pure lime- 
stones added to the cement rock are commonly gray and break into 
rather cubical fragments. The fracture surfaces show a finely granu- 
lar structure quite distinct in appearance from the slaty cement rock. 
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to a turntable, where they are connected to the cable and hauled to the 
mill. While these methods seem clumsy at first sight, they are capable 
of little improvement. The amount of rock used every day in a large 
mill necessitates very heavy blasting, and this prevents permanent 
tracks and cableways from being laid near to the working-face. 

At several quarries the loading into the cars or carts is accomplished 
by means cf steam-shovels. The cement rock seems to be well adapted 






A 







Fki 08 — Open cut in cement rock. 


for handling by steam-shovels, but even then much sledging is necessary 
and the blasting operations arc interfered with. 

These difficulties, which formerly limited the employment of steam 
shovels and of permanent track are now reduced or eliminated by the 
practice of deep-hole blasting, throwing down a large supply of rock 
at one point or along one face of the quarry. Economical quarry 
operations have gained greatly by this system, which permits cheap 
and steady handling of the blasted rock, unattainable under older 
methods. 

Cement production of the district. — The importance of these Lehigh 
district cement-rock deposits is well brought out by Table 152. 




ARGILLACEOUS LIMESTONE: CEMENT ROCK 


301 


Probable extension of the industry . — As noted in the earlier portion 
of this chapter, the cement deposits have been developed only from near 
Reading, Pa., to a few miles west of Stowartsvillc, N. J. Most of the 
readily accessible cement land between these points has been taken 
up by the cement companies or is being held at impossible prices by 
the owners* Under these circumstances it seems probable that few 
additional plants can be profitably established in the district now 
developed, and that the growth of the industry here will be brought 
about by extending the district. A few notes on the distribution of 
the same cement-beds in adjoining areas may therefore be of interest 
to those desiring to engage in the manufacture of Portland cement 
from materials of the Lehigh district type. 

Table 152. 

PORTLAND-CEMENT PRODUCTION OF THE LeHIOH DISTRICT, 1890-1920 


Year 

Lehigh 

District 

(Barrels) 

United 

States 

(Barrels) 

Percentage 
Made in 
Lehigh 
District 

1890 

201,000 

335,500 

60 0 

1891 

248,. 500 

454,813 

54 7 

1892 

280,840 

547,440 

51 3 

1893 

265,317 

590.652 

44 9 

1894 

485,329 

798,757 

60 8 

1895 

634,276 

990,324 

64 0 

1896 

1,048,154 

1,543,023 

68 1 

1897 

2 002,059 

2,677,775 

71 8 

1898 

2.67 1,304 

3,692,284 

72 4 

1899 

4,110,132 

5,652,266 

72 7 

1900 

6,153,629 

8,482,020 

72 6 

1901 

8,595,340 

! 12,711,225 

67 7 

1902 

10.829,922 

17,230,644 

62 8 

1903 

12,321,922 

j 22,342,973 

55 2 

190-1 

14,211,039 

26,505,881 

53 7 


Year 

Lehigh 
District 
( Barrels) 

I lilted 
States 
( Barrels) 

Percentage 
Made in 
Lehigh 
District 

1905 

17,368,687 

35,246,812 

49 3 

1906 

22,784,613 

46,453, 124 

49 0 

1907 

21,117,686 

48,785,390 

50 0 

1908 

20,200,387 

51,072,612 

39 6 

1909 

24,216,706 

01,991,431 

37 3 

1910 

26,315,359 

76,519,951 

34 4 

1911 

25,972,108 

78,528,637 

33 1 

1912 

21,762,083 

82,438,096 

30 0 

1913 

27,139,601 

92,097,131 

29 5 

1914 

21,014,933 

88,230,170 

27 9 

1915 

21,870,412 

85,91 1,907 

29 0 

1916 

24,105,381 

91,521,198 

26 3 

i 1917 

21,423,507 

92,814,202 

26 3 

' 1918 

19, 701,820i 

| 71,081,66.3 

27 7 

1; 1920 

25, 117,801! 100,023,245 

[ 25 4 


Northeast of Stewartsville, N. J., the cement-beds outcrop at fre- 
quent intervals in the Kittatinny Valley all the way across New Jersey 
and a few miles into Orange County, N. Y. The exact locations of 
these deposits, with numerous analyses of the cement rocks, are given 
in the Annual Report of the State Geologist of New Jersey for 1900, 
pages 41-95. Many detailed maps in this report show the outcrops 
very precisely. 

Southwest ward from Reading the Trenton beds outcrop in a belt 
crossing Lebanon, Cumberland, and Franklin counties, Pa., passing 
near the towns of Lebanon, Harrisburg, Carlisle, and Chambersburg. 
In Maryland the Trenton rocks occur in Washington County, while in 
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West Virginia and Virginia they are extensively developed. The dis- 
tribution of these rocks in Virginia is discussed in the papers by Messrs. 
Bassler and Catlett, cited in the list on page 303. 

Throughout this southern extension of the Lehigh rocks, the Tren- 
ton is not everywhere an argillaceous limestone, but it is frequently 
so, and it is always very low in magnesium carbonate. It is therefore 
probably safe to say that in southern Pennsylvania, Maryland, West 
Virginia, and Virginia the Trenton rocks are everywhere good Port- 
land-cement materials, though in some cases they will require pure 
limestone, and in other places day, to bring them to proper composition. 

Cement Rocks in Other States. 

Limestones sufficiently clayey to be called “ cement rocks ” are not 
by any means confined to the Lehigh district, nor even to the imme- 
diate vicinity of the fortunate area. As noted in the last chapter, 
cement rock exactly similar to that used in the Lehigh district occurs 
in other parts of Pennsylvania, in Maryland, and the Virginias. Similar 
clayey limestones occur southward, along the Appalachian Valley, 
through Tennessee and northern Georgia. In all this range, however, 
they have never been used as Portland-cemcnt materials, though a 
natural-cement plant was erected a few years ago at Rossville, Ga., a 
few miles south of Chattanooga, to utilize limestones closely similar to 
the Lehigh rock in composition. 

The following analyses show the composition of “ cement rocks ” 
used at various Portland-cemcnt plants in the Western States, together 
with that of the purer limestones used for mixing. 


Table 153. 

Analyses of “Cement-hock” Materials from the Western United States 



Utah 

California 

Colorado 

Cement 

Bock 

Lime- 

stone 

Cement 

Bock 

Lime- 

stone 

Cement 

Bock 

Lime- 

stone. 

Silica (SiOs) 

21 2 

6 8 

20 06 

7 12 

14 20 


Alumina (Al 2 O s ) 

8 0 

3 0 

10 07 

2 36 

5 21 


Iron oxide (FejO.-!) 



3 39 

1 16 

1 73 


Lime carbonate (CaCOO 

62 08 

89 8* 

63 40 

87 70 

75 10 

88 0 

Magnesium carbonate (MgCOs) 

3 8 

0 76 

1 54 

0 84 

1 10 



In addition to the “ cement rocks ” noted in this chapter, it is neces- 
sary to call attention to the fact that many of the chalky limestones 
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discussed in the preceding chapter are sufficiently argillaceous to be 
classed as “ cement rocks/' Because of their softness, however, all 
these chalky limestones will be described together. 

List of references on “ cement rock.” 

Bossier, P. S. Cement materials of the Valley of Virginia. Bulletin 260, 
U. S. Geol. Survey, pp. ,531-544. 1905. 

Catlett, C. Cement resources of the Valley of Virginia. Bulletin 225, U. S. 
Geol. Survey, pp. 457-401. 1904. 

Eckel, E. C. Cement-rock deposits of the Lehigh district of Pennsylvania and 
New Jersey. Bulletin 225, U. S. Geol. Survey, pp. 448-456. 1904. 

Eckel, E. C. Cement materials and cement industries of the United States. 

Bulletin 243, U. S. Geol. Survey, pp. 279-293 1905. 

Kiimmel, II. B. Report on the Portland-cement industry in New Jersey. 

Ann. Rep. N. J. State Geologist for 1900, pp. 9-101. 

Peck, F. B. The cement-belt of I^ehigh and Northampton counties, Pennsyl- 
vania. Mines and Minerals, vol. 25, pp. 53-57. 1904. 



CHAPTER XXIII 


FRES1I-WATER MARES 

Marls, in the sense in which the term is used in the Portland-ccment 
industry, are fine-grained, friable limestones which have been deposited 
in the basins of existing or extinct lakes. So far as chemical composi- 
tion is concerned, marls are practically pure limestones, being usually 
composed almost entirely of calcium carbonate. Physically, however, 
they differ greatly from the hard, compact rocks to which the term 
limestone is more commonly applied, for the marls are granular, loose, 
non-coherent deposits. These curious physical characters of marls, 
as compared with ordinary limestones, are due to the peculiar condi- 
tions under which the former have been deposited. Samples of marl 
from different localities will on comparison be found to exhibit consider- 
able variations, and these arise in large part from differences in local 
conditions during deposition. 

As explained on a later page, differences of opinion exist as to the 
exact cause of the formation of marl deposits. The points in con- 
troversy are of no particular practical importance, and may be dis- 
regarded in the present brief statement of facts. It may safely be 
said that marls an' deposited in lakes by spring or stream waters carrying 
lime carbonate in solution. The actual deposition of the marl is in 
part due to purely physical and chemical causes, and in part to the 
direct or indirect action of animal or vegetable life. The result in any 
case is that a calcareous deposit forms along the sides and over the 
bottom of the lake, this deposit consisting of lime carbonate, mostly 
in a finely granular form, interspersed with shells and shell fragments. 

Various uses of the term “ marl.” — A warning to the reader con- 
cerning other uses of the term “ marl ” may profitably be introduced 
here. The meaning above given is that in which the term marl is com- 
monly used in the cement industry at the present day. But in geological 
and agricultural reports, particularly in those issued before the Portland- 
ccment industry became prominent in this country, the term marl has 
been used to cover several very different substances. The following 
three uses of the term will be found particularly common, and must 
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be guarded against when such reports are being examined in search 
for descriptions of deposits of cement materials. 

1. In early days the terms '‘marls " and “ marly tes ” were used to 
describe deposits of calcareous shales — and often these terms were 
extended to cover shales which were not particularly calcareous. This 
use of the tt*rm will be found in many of the earlier geological reports 
issued by New York, Ohio, and other interior States. 

2. In New Jersey and the States southward bordering on the Atlantic 
and Gulf of Mexico the term marl is commonly applied to deposits 
of soft chalky or unconsolidated limestone often containing consider- 
able clayey and phosphatic matter. These limestones an' of marine 
origin and not related to the fresh-water marl deposits which are the 
subject of the present chapter. 

3. In the same States, but particularly in New Jersey and Virginia, 
large deposits of the so-called “ green-sand marls M occur. This material 
is in no way related to the true marls (which are essentially lime carbon- 
ates), but consists largely of the iron silicate called glauconite, or green 
sand, with very small percentages of clayey, calcareous, and phosphatic 
matter. 

The three early uses of the term “ marl M above noted all agree in 
that they apply to deposits of marine origin, while the marls of the cement 
manufacturer are purely fresh-water deposits. 

Occurrence of marl deposits.— Fresh-water marls occur in more or 
less lenticular or basin-shaped deposits of relatively small size. Their 
form and local character are both due to the fact that the marls were 
formed by deposition in lake basins. In many cases these lakes still 
contain water, and in some instances marl deposition is now in progress. 
In other cases, however, the lake has entirely disappeared, and the marl- 
bed now occurs in a swamp or marsh covered with peat or muck. 

The disappearance of a lake in this fashion must be regarded as part 
of a very r natural and almost invariable cycle of events. The existence 
of a lake at any point along a drainage system is to be considered a 
somewhat unnatural and temporary condition, and one which will be 
removed by natural causes as soon as possible. In the glaciated 
portion of the United States many lakes were formed at the close of 
the Glacial period. These lakes were due in some cases to the fact that 
deposits of sand and clay laid down by the glaciers had filled old valleys 
and dammed the streams occupying such valleys. In other cases 
the lake basins were formed by the irregular distribution of these glacial 
deposits, leaving hollows and depressions which subsequently became 
filled with water. In either case a lake or pond was formed, and imme- 
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diately a series of natural forces were set in operation which tended 
to remove this lake. Of the two common methods of lake disappearance, 
one has hut little to do with our present subject, hut the other is closely 
connected with the history of marl deposition. The first method is 
the gradual deepening of the outlet by the action of its own current, 
resulting in the draining of the lake. The second is the filling up of 
the lake basin by deposits of sand, clay, marl, muck, and peat. 

Origin of marl deposits. — The exact cause of the formation of marl 
deposits has been the subject of much investigation and discussion, 
particularly in the past few years, since these deposits have become 
of so great economic, importance. For details concerning this dis- 
cussion, reference should be made to tlx* papers listed on page 316-317, 
especially to those by Davis and Blatchley. In the present place only 
a summary of the main facts — and theories — in regard to the forma- 
tion of marl deposits will be given. 

Marl deposits in their present form and position are due directly 
or indirectly to glacial action, on which account these deposits occur 
almost exclusively in that portion of the country which was covered 
by ice during the (Uncial epoch. The glaciers aided in the formation 
of marl deposits in two ways: first, by furnishing a large supply of 
finely ground calcareous material from which surface waters could 
take up lime carbonate in solution, and, second, by forming the lake 
basins in which these waters deposited their burden of lime carbonate 
as marl. The processes followed in the formation of marl deposits 
may be outlined with some confidence, though certain of the steps are 
still subject to discussion. 

Rain-water, though theoretically pure before approaching the earth’s 
surface, takes up a considerable percentage of carbon dioxide in passing 
through the atmosphere. When it reaches the suriace, therefore, 
such rain-water is in reality a very dilute form of carbonic acid (H2CO3), 
and as such is capable of attacking limestone, taking the lime carbonate 
(CaOOa) into solution in the form of calcium bicarbonate (Cal^COa^). 
Practically all natural water, including the percolating ground-water 
as well as spring and stream water, is therefore able to change itself 
with lime carbonate if some source of that compound presents itself. 
In the present marl districts such a source is not far to seek, for from 
New York to Michigan limestones cover a large proportion of the sur- 
face. The glaciers during their advance over this area ground up vast 
quantities of the surface rocks, leaving the pulverized debris in the form 
of deposits of limey gravels and limey clays. 

Surface waters running through such areas, or underground waters 
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percolating through l>eds of limestone or coarse limey clays, will, if 
charged with carbon dioxide, dissolve and carry off lime carbonate, 
the exact amount so dissolved being determined by the percentage 
of C0 2 contained in the water, its temperature, etc. The tendency is 
for every water to charge itself with its maximum possible amount 
of calcium bicarbonate, and until it is so charged it will continue to 
attack and dissolve limestones which it encounters in its course. 

When the water is almost or quite saturated with calcium bicar- 
bonate, any increase in temperature or decrease in pressure will cause 
the deposition of lime carbonate. Reactions of this type have been 
appealed to as explanations of the formation of marl deposits through 
the warming or loss of pressure which occurs when spring or stream 
water enters a lake. A recent statement * of this theory is as follows: 

“ This spring-water jus it enters the lake' is always colder than the 
w r aters of the lake itself. I he bicarbonate of lime is more soluble in 
cold water than in warm and a part of the dissolved material is there- 
fore precipitated in the form of a fine powder soon after the cold stream 
enters the warmer, still water of the lake. Such precipitation of cal- 
cium carbonate from cold water as it becomes warm is soon every day 
in almost every household. The hard water heated in tea-kettles holds 
while cold a large quantity of bicarbonate of lime in solution. As it 
becomes warm, much, if not all of this falls and forms a coating of 
lime carbonate upon the bottom of the kettle. 

“Again, if there is a large* amount of carbon dioxide in the perco- 
lating wateis the percentage of carbonate of lime held in solution will 
Ik* increased in proportion. As the spring-water enters the lake and 
rises to the surface* the* pressure will be* decreased and a part of the 
carbon dioxide will escape and so cause a precipitation of another part 
of the* carbonate of lime according to the following formula: 

“ ( ’a H 2 (( ( h)> - ( '( )■> ( a( '( ) : , -f Il 2 ( ).” 

In support of his belief that the formation of most marl deposits 
is due to the two causes above outlined, Blatchley urges that most, if 
not all, of the marl lakes examined in Indiana are* fed by subterranean 
or subaqueous springs, eve*n though they also have* stre*anus entering 
and leaving the*m, anel that “ the larger deposits of marl in the lakes 
are founel in cle)se proximity to these springs.” 

Davis, in studying the Michigan marls, came to the conclusion that 
the causes above noted w r ould not of themselves account for the majority 
* Blatchley, W S 25th Ann Rep. Indiana Dept Geology', p 45 
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diately a series of natural forces were set in operation which tended 
to remove this lake. Of the two common methods of lake disappearance, 
one has hut little to do with our present subject, hut the other is closely 
connected with the history of marl deposition. The first method is 
the gradual deepening of the outlet by the action of its own current, 
resulting in the draining of the lake. The second is the filling up of 
the lake basin by deposits of sand, clay, marl, muck, and peat. 

Origin of marl deposits. — The exact cause of the formation of marl 
deposits has been the subject of much investigation and discussion, 
particularly in the past few years, since these deposits have become 
of so great economic, importance. For details concerning this dis- 
cussion, reference should be made to tlx* papers listed on page 316-317, 
especially to those by Davis and Blatchley. In the present place only 
a summary of the main facts — and theories — in regard to the forma- 
tion of marl deposits will be given. 

Marl deposits in their present form and position are due directly 
or indirectly to glacial action, on which account these deposits occur 
almost exclusively in that portion of the country which was covered 
by ice during the (Uncial epoch. The glaciers aided in the formation 
of marl deposits in two ways: first, by furnishing a large supply of 
finely ground calcareous material from which surface waters could 
take up lime carbonate in solution, and, second, by forming the lake 
basins in which these waters deposited their burden of lime carbonate 
as marl. The processes followed in the formation of marl deposits 
may be outlined with some confidence, though certain of the steps are 
still subject to discussion. 

Rain-water, though theoretically pure before approaching the earth’s 
surface, takes up a considerable percentage of carbon dioxide in passing 
through the atmosphere. When it reaches the suriace, therefore, 
such rain-water is in reality a very dilute form of carbonic acid (H2CO3), 
and as such is capable of attacking limestone, taking the lime carbonate 
(CaOOa) into solution in the form of calcium bicarbonate (Cal^COa^). 
Practically all natural water, including the percolating ground-water 
as well as spring and stream water, is therefore able to change itself 
with lime carbonate if some source of that compound presents itself. 
In the present marl districts such a source is not far to seek, for from 
New York to Michigan limestones cover a large proportion of the sur- 
face. The glaciers during their advance over this area ground up vast 
quantities of the surface rocks, leaving the pulverized debris in the form 
of deposits of limey gravels and limey clays. 

Surface waters running through such areas, or underground waters 



FRESH-WATER MARLS 


309 


A further possible mode of derivation, which is admittedly the way 
in which part of all the marl deposits have originated, is through the 
direct action of molluscs. These animals are especially frequent in limey 
waters and have the power of abstracting lime salts from the water 
and utilizing the resulting lime carbonate in the formation of their 
shells. On the death of the animals their shells sink to the bottom 
and form an essential portion of any deposit which is in process of forma- 
tion. In some marl-beds shells amount to an important percentage of 
the total, but in most cases they will probably constitute less than 5 per 
cent of the entire mass. 

The facts so far stated may be summarized as follows: Spring or 
stream water, carrying lime carbonate in solution, deposits it in lakes 
in the form of marl, this deposition being caused by: 

(a) Escape of carbon dioxide, owing to decrease in pressure; 

(b) Supersaturation, owing to rise in temperature; 

(c) Abstraction of carbon dioxide by plants; 

(d) Freeing of oxygen by plants, resulting in formation of carbon- 

ates from bicarbonates; 

(r) Direct abstraction and crystallization of lime salts by Churn. 

(/) Abstraction of lime by molluscs and formation of shell 
deposits. 

The formation of a given marl-bed may be due to the operation of 
any one ol these causes, or t lie* cooperation of two or more of them. 

Geographic distribution of marl deposits.— The geographic dis- 
tribution of marl deposits is intimately related to the geologic history 
of the region in which they occur. Marl-bods are, as indicated in the 
preceding section, the result of the tilling of old lake basins. Lakes 
are not common except in those portions of the United States which 
were affected by glacial action, since lakes are in general due to the 
damming of streams by glacial material or to irregularities in deposition 
of such material. Workable marl deposits, therefore, are almost 
exclusively confined to those portions of the United States and Canada 
lying north of the former southern limit of the glaciers. 

Marl-beds are found in the New England States, whore, however, 
they are seldom of important size, and in New York, large beds occurring 
in the central and western portions of that State. Deposits are frequent 
and important in Michigan, and in the northern portion of Ohio, Indiana, 
and Illinois. Marl-beds occur in Iowa, Wisconsin, and Minnesota, 
but have not been as yet exploited for cement-manufacture. Extensive 
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marl-beds also occur in Ontario, Quebec, and other Canadian prov- 
inces. 

Physical characters of marl.- Marl as found in existing lakes may 
contain as high as 50 per cent of water, while oven tin* dry marl-beds 
occurring in swamps or marshes will carry 15 to 25 per cent of moisture. 
This moisture, together with the tine granular character of the marl 
itself, gives it a sticky, putty-like character. In color pure marl is 
white, but it usually contains so much organic matter as to give even 
the better samples a grayish or yellowish tint, while the more impure 
marls may be very dark gray in color. 

Marl usually contains very little* sand or grit, though some of its 
shells and lime carbonate* particles may give if a gritty feeding when 
examined. Such shells, e*t e*. , can, henveve*r, be usually e*rushcd between 
the finge*rs, which will serve* te> distinguish them in the fiedel from sand 
grains. Thenigh as sticky as clay, marl is markedly lighter in weight, 
owing to the* high percentage e>f moisture which it contains. 

The natural fineness e>f marl is a matter which is of direct interest 
to the* Portland-ceme'nt manufacturer, because of its effect on the 
cost of grinding the raw material. Marls eliffer epiite wieledy in this 
regarel, some* being fine*-grained throughout, while others contain con- 
siderable* percentage's of eoarse material, including shells, etc. 

The siVving te*sts tabulated below * we*re e*arrie*el out by Prof. Davis 
em sample's of marl fmm thre*e* Michigan leicalitie's, and serve to show 
the difTe*re*ne*(‘s in fineness abeive note'd. 


Taolu 154. 

PlNKNKKS OK ('lU Di: M\HL (DaVIs) 



I 

2 

3. 


IVr eYiit 

1’cr Out 

Per Cent. 

Residue on 20-mesh sieve* 

32 25 

31 52 

0 30 

“ 40- “ 

0 00 

14 48 

3 53 

“ “ 00- “ 

7 58 

12 70 

6 51 

“ “ SO- “ 

2 90 

2 56 

3 34 

“ “ 100- “ “ ... 

4 81 

0 74 

6 44 

Passing 100- “ “ 

40 10 

31 94 

79 82 


1 CYdiir T ukr 

2 I .i 1 1 l.uko 

a Miclumiii I* C Co , Coldw liter 


The weight e)f the marl is alse> a matter of economic interest. A 
wet marl, as dredgeel from a lake bottom carrying from 50 to 60 per cent of 
water, may average abend 2000 pounds per cubic yard, so that a cubic 
* Vol 8, pt 3, Reports Michigan Gcol Survey, pp 74-77. 
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yard of such material would contain only about 800 to 1000 pounds dry 
mari. A dry marl taken from a well-drained marsh or swamp may run as 
low as 20 per cent of water. Such a marl would then weigh about 
2000 pounds per cubic yard, and a cubic yard would contain about a ton 
of pure marl. 

In dealing with the wet marls a cement-plant may produce from 
one and a half to three barrels of cement from each cubic uird of marl, 
while a marsh marl might yield four barrels cement per cubic yard. 
In estimating the hie of a lake mail deposit if will be safest to assume 
that each cubic yard of marl in place will produce only two barrels of 
cement. 

Chemical composition of marl.- Mail itself, being a chemical deposit, 
is almost a pine caibonate of lime. During and after its deposition, how- 
ever, foreign matter of vaiious kinds is apt to got mixed in with the 
marl, the piincipal impuiitios thus introduced being tine sand, clayey 
matter, and organic material. Of these flu* most, important, fiom the 
cement manufacturer's point of view*, is the organic matter. 

Sand is rarely present in sufficient amount to lender the mail unser- 
viceable, and of the 2 or 3 per cent of sand shown b\ most marls some 
is fine enough to pass a 150-mesh sieve* and will therofoio enter into 
combination in the kiln. The clay present in mails is principally objec- 
tionable because of its tendency to increase the* percentage of magnesia 
and sulphur trioxide. 

Organic matter burns out in the* kiln and might thciefoie be regarded 
as a harmless impurity. But a high percentage of il in a marl is in 
reality very objectionable, both negatively, because it Inweis the per- 
centage* of lime carbonate in the* marl, and positively, because it retains 
moisture with gre*at avidity. It, is almost, impossible* to dry a marl con- 
taining mue-h organic matter, and in any semi-dry or dry process this 
would be a v<*ry serious disadvantage. Organic matter in its coarser 
forms — i.e., roots, branches, twigs, etc., inteifciesgi(*atly with the grinel- 
ing of the* marl, though the* larger fragments me usually taken out by a 
separator early in the* reducing process. 

In the following table (155) are given the analyses of marls used at 
different American cement-plants, some* quoted from published sources 
and others supplied by the chemists of the plants. A few of the quoted 
analyses are taken from prospectuses, but in general the analyses are 
of more satisfactory character. In all cases the*y are calculated dry, 
all water below 212° being neglected. 

The analyses given in this table are mostly not picked analyses, 
such as are usually quoted in prospectuses, in which the marl rarely 
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Table 155. 

Analyses of Marls Used in American Cement-plants 



Silica 

Alu- 
I mum 
(A1 2 Oj) 

Iron 
Oxide 
( Fej( )j) 

Lime 

(CaO) 

Magnesia 

(MgO) 

Alkalies 

( K 2 < ), 
Na 2 0) 

Sulphur 

oxide 
(S< > 3 ) 

Carbon 

Dioxide 

(CU 2 ) 

Organic 

Matter 
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1 
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1-2. Sandusky I 1 C Co , Syracuse, Ind S II Newbeiry, analyst 26th \nn. Rep Indiana 

Dept Ceology, p 2D, 1X2 

3 Wabash P (’ Co , Stroll, 1 nr] W It Oglesby, analyst 26th Ann Rep Indiana Dept 
Ceology, p 112 

4. Wabash P C Co , Stroll, Jnd 

5, Milieus P C Works, South Rond, I nd II II Hoopor, analyst 26th Ann Rop Indiana 

l)opt Ceology , p 25 

0. Millens P C. Woiks, South Rond, Ind W A Noyes, analyst 25th bin Rep Indiana 

Dent. Ceology, p 275 

7. PeninBular P. C Co , Cement City, Mirh J C Doan, analyst Vol S, Mieh Cool Survey, 


p. 230. 

8. Newaygo P. C Co , Neyyaygo, Mich Lathhury and Spaokman, analysts Manufacturer's 
prospectus 

0 Newaygo P C Co, Newaygo, Mieh Vol 8, Mieh Cool Survey, p 210 
10,11 “ “ “ “ Allorrnan, analyst Manufacturer’s prospectus 

12-13 Wolverine P C Co , Coldwater, Mieh 11 E Brown, analyst Vol 8, Mieh Cool Survey, 


p 247 

14 Wolverine P C Co , Coldwater, Mieh "Cement Industry,” p 78 
16 Bronson P. C Co , Bronson, Mieh Mineral Industry, vol 0, p 99 

16 Iroquois P. C Co , Caledonia, N Y 22d Ann Itep N Y State Ceologist 

17 Millens P C Works, Wavland, N Y 
18-19 Empire P C Co , Warners, N Y 

20. Montcsuma, N Y First marl used for cement. Mineral Industry, vol 1, p. 52. 

21 American C Co , Jordan, N Y 

22 Oenesec Wavland P C Co., Perkinsville, N Y 

23 Ruekeve P. C Co , Harper, Ohio Mineral Industry, vol 1, p 52 

24 Castalia P C Co , Castalia, Ohio 

25 Imperial P C Co , Owen Sound. Ontario 

26. Canadian P C Co, Marlbank. Ontario Rep Ontario Bureau Mines, 1901, p. 16 
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carries less than 98 per cent of lime carbonate. On the other hand 
some of them are still considerably better than can be expected 
in steady practice. The following data may throw some light on what 
sort of results arc really obtained when a marl de[x>sit is worked con- 
tinuously. 

First, as* to water percentages: At a Michigan plant which takes 
its marl from under about 10 foot, of water, an average of ten con- 
secutive analyses gave the following results: 

Silica (Si() 2 ) 

Alumina (AljOj) . 

Iron oxide (Fe^Ot) 

Lime carbonate (CuCOa) 

Organic matter 
Water 


0 07 


39 SO (=Cn() 22 29 0 ) 
0 59 
59 3<> 


The marl in question is, it will lx* noted, very pure, being low in 
both clay and organic matter. The point to be noted is the high per- 
centage of water each 100 lbs. of mateiial dredged containing approxi- 
mately only 40 lbs. of lime carbonate, with tit) lbs. of water. It must 
be borne in mind that this marl was not pumped to the plant, so that 
this large percentage of water represents only what was unavoidably 
taken up with the marl during dredging. 

Second, as to purity: A long series of analyses of marl at another 
prominent Michigan plant gave the following limits of results. These 
are calculated on a dry basis, the 55 per cent or so of water which the 
marl carried when reaching the plant being neglected. 


Silica (Si0 2 ) 

Alumina (AljOj) 

Iron oxide (FcjOj) 
Lime (CaO) 

Magnesia (MgO) 
Carbon dioxide (OO^j 
Organic matter 


1 10 to 8 (>() 
0 55 1 ‘ 1 50 

0 25 “ 151 
51 lit) “ lb 20 

1 25 “ 2 78 
12 90 ‘ ‘ 3b 30 
0 05 ‘ ‘ 10 50 


It will be seen from these results that the manager should expect to 
receive material carrying often very high {)ercentages of water and 
frequently containing a large amount of organic matter and other 
impurities. 

Examining marl deposits. — Owing to the nature of the material 
and the physical conditions under which it occurs, the work of examin- 
ing and valuing a marl deposit presents certain features of difficulty 
peculiar to itself. As in any other prospecting work, the two factors 
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which require determination are respectively the extent of the dope sit 
and the composition of the material. 

When the marl occurs in an old lake-bed overlain by soil or peat, the 
area can be roughly laid out into blocks or squares of convenient size, 
borings being made and samples taken at the corners of these squares. A 
pocket compass, or, better yet, the cheap “ drainage level ” made by 
Gurley and other instrument-makers, will suffice for laying out the work. 

A marl deposit covered by water must be handled like any sound- 
ing proposition. The shore line should first be roughly surveyed, after 
which soundings and borings must be made from a raft or boat, the 
position of each boring being located by bearings taken to fixed points 
in the shore. A broad steady platform is necessary for the borings. 
This is afforded either by using a raft with a square opening in its center 
or by laying planks across the ends of two boats. 

As the naff hods employed in determining the thickness and char- 
acter of marl-beds are of a somewhat special character and are not 
fully described in current engineering text-books, the writer feels justified 
in introducing here a very detailed account of these methods by Mr. 
David J. Hale, of the Michigan Geological Survey. 'This account is 
taken almost verbatim from the paper cited below.* 

In dealing with fairly solid marls not deeply covered with peat 
or soil, the simple outfit described below has proven very successful 
when manipulated with care. It is prepared as follows: 

Weld an ordinary 2-inch auger on a -jj-ineh gas-pipe 2 feet long. 
Thread the unwelded end of the pipe for coupling. Cut three lengths 
of pipe each in half or in four pieces if it is desired to carry the outfit 
long distances. Thread the ends of these sections for coupling. Get 
couplings enough to couple all together, so as to make a continuous 
hollow rod with attached auger. Insert a “ T ” coupling on the handle 
end, or end farthest from the auger, and pass a rod or stick through 
this so as to turn the outfit. A better way is to screw into each free 
end of the “ T ” a rod or piece of gas-pipe 18 inches long. Usually a 
pair of Stillson wrenches are needed to untwist the pipe, which becomes 
jammed during the boring. 

Three-eight hs-inch pipe, as above recommended, will be found to lift 
out much easier than half-inch, but will not do for deep boring; y^-inch 
pipe is entirely too light and 1-inch pipe is too difficult to handle. A 
light, easily handled outfit is a great aid in boring, because the quicker 
the rod can be driven the less friction there will be to contend with, for 

* Hale, D J. The use of marl for cement manufacture Vol 8, pt 3, Reports 
Mich Geol Survey, especially pp 0-13,108-110 
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the marl particles will not have time to settle after each movement of 
the rod. 

In boring, the handle should be twisted around as the rod is shoved 
down, even though the surface material may be soft enough to jx'rmit 
it to be driven down wi out twisting, because if the latter method is 
adopted the surface imperial first taken up by the auger will cling to 
it during its descent, and will prevent seeming a sample of the marl 
at lower depth. As each new length of pipe is added, the couplings 
should be firmly tightened, as neglect of this precaution may mean 
the loss of most of the outfit through uncoupling while it is being 
drawn up. 

This device gives good results when employed on a fairly dense marl 
not deeply covered by peat or grass, because the auger will clear itself 
of the surface material on the way dow*n and will retain fairly well the 
clean sample taken at the bottom. 

In heavily covered marl-beds, or in dealing with vciy fluid marls, 
other boring de\ices must be tried. A clumsy but efficient type of 
sampler for this purpose is made as follow’s: Take a 2-foot length of 
1-inch gas-pipe and thread one end for coupling. Screw* reducers on the 
coupled end until the last reducer can take a J-inch or J-inch pipe, 
any necessary number of lengths of which pipe will form the rod proper. 
Sharpen tin* open edge of the 1-inch pipe and fit into it a plug with a 
shoulder that fits against the rim, allowing the plug to penetrate \ inch 
into the open end of the pipe. Sharpen the end of the plug opposite 
the shotildei and bore a hole lengthwise through the plug. Pass a 
A-ineli iron rod through the plug from the shoulder end and bolt it by 
screwing a nut upon tin* end opposite the shoulder, which end should be 
sharpened so as to penetrate the marl more* easily. The end of the rod 
may be threaded for several inches and a nut screwed on, then pass the 
end of the rod through the plug and screw* tin* nut tight against the plug. 
This will hold the plug in place during boring and withdrawing. The 
rod is inserted in the l-inch pipe and passed up through that and the 
1-inch pipe, from the upper end of which the free end of the rod may 
project. The rod gives a means of either closing firmly or opening the 
bottom end of the 1-inch pipe. When boring the plug is held firmly 
against the mouth of the pipe by means of the rod, and the whole appa- 
ratus is shoved dow*n into the marl to the desired depth. The pipe is 
then raised, while the rod is held stationary; the apparatus is held in 
this position a moment to allow the marl to close in about the rod and 
then the pipe is lowered until the plug closes it. With the plug held 
firmly the entire apparatus is raised to the surface, the plug loosened, and 
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the sample of marl taken out of the section of 1-inch pipe. This device 
can be driven through and withdrawn from a marl-bed covered by peat, 
grass, etc., and still the marl sample can be preserved from intermixture 
with these materials. 

A borer invented and manufactured by I\ 'x)rt (I. Hunt & Co. is also 
noted by Mr. Hale. This consists of a pic j of steel about 18 feet 
long, much the shape of the half of a long gun-barred split longitudinally. 
The end which first enters the marl is capped and pointed with steel 
so that it will penetrate more easily, while the other end is provided 
with a handle for raising the apparatus. The two vertical edges of the 
barrel are sharpened so as to cut the marl. When the instrument has 
been driven down to the* desired depth it is turned half around, filling 
the half cylinder with marl for its entire length, and then withdrawn. 
This gives a perfect sample of the bed from top tfo bottom. 

The various devices above described will generally give satisfactory 
results when operating in moderate* depths of water and on any but 
the most fluid marls. For these latter, as well as for sampling in deep 
water, special devices are required, which are described by Mr. Hale 
in the paper cited. But in examining deposits of marl to be used as 
Portland-cement material the very deep and very fluid marls may be 
dismissed without sampling. For under present, economic conditions 
such materials could not be profitably used in cement-manufacture. 

After the results of the borings have been plotted in such a way as to 
give both depth of water and thickness of marl, the amount of marl 
available can be calculated quite closely. In making these estimates it 
will be safest to assume t hat each cubic yard of marl in the lake will 
yield 900 lbs. of dry marl, or sufficient to make two barrels of cement. 
A 1000 bbl. plant should therefore own about 3, (XX), 000 cubic yards 
of marl, which would insure a twenty-year supply of raw material. 

List of references on marls.— Of the following papers on marls, those 
dealing chiefly with the origin of marl deposits are marked A; those 
describing the deposits of certain States or areas are marked B; and 
those discussing the technology of marls as cement materials are 
marked C: 

A, B. Blatchloy, W. S., and Ashley, 0. H. The lakes of northern Indiana and 
their associated marl deposits. ‘25th Ann. Rep. Indiana Dept. Geology 
and Natural Resources, pp. 31-321. 1901. 

A, Davis, C. A. A contribution to the natural history of marl. Journal of 
Geology, vol. 8, pp. 485-497. 1900. 

A. Davis, C. A. A remarkable marl lake. Journal of Geology, vol. 8, pp. 
498-500. 1900. 
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A. Davis, C. A. Second contribution to the natural history of marl. Journal 
of Geology, vol 9, pp. 491-506. 1901 . 

A. Davis, C. A. A contribution to the natural history of marl. Vol. 8, pt. 3, 

Reports, Michigan Geological Survey, pp. 65-103 1903. 

B, C. Eckel, E. C. Cement materials and cement industries of the Enited 

States. t Bulletin 243, I T . S. Geological Survey 1905. 

B. Ells, It. W. Marl deposits of eastern Canada. Ottawa Naturalist, vol. 16, 
pp. 59-69. 1902. 

B. Fall, D. Marls and clays in Michigan. Vol. 8, pt . 3, Rejxirts Michigan 
Geological Survey, pp. 343-34S. 1903. 

A, B , C. Hale, D. J. Marl and its application to the manufacture of Portland 
cement. Vol. S, pt. 3, Reports Michigan Geological Survey, pp. 1-64, 
103-190. 1903. 

A. Dme, A. C. Notes on the origin of Michigan bog-limes Vol. 8, pt. 3, 

Reports Michigan Geological Sur\ey, pp 199-223 1903. 

B . C. Lane, A C List of marl localities and Portland-cement mills in Michigan. 

Vol 8, pt 3, Rejxirts Michigan Geological Survey, pp. 221 312. 1903. 

C. Lathburv, B B. The development of marl and clay properties for the 

manufacture of Portland cement. Vol. 8, pt. 3, RejKirts Michigan 
Geological Survey, pp. 191-198. 1903 

B. Hies, H. Lime and cement industries of New York. Bulletin 41, New 

York State Museum, pp. 326. 1901. 

A,B. Russell, I. C. The Portland-cement industry in Michigan 22d Ann. 
Rep. E. S. Geol. Survey, pt. 3, pp. 029-685. 1902. 

C. Sparkman, II. S. The manufacture of cement from marl and clay. Proe. 

Engineers’ Club of Plnla , April, 1903 Engineering News, vol. 19, pp. 
492-491 June 1, 1903. 
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ALKALI WASTE: HLAST-FUH XA( 'E SLAG 

The two raw materials to be discussed in the present chapter agree 
in being waste products or by-products of other industries which, because 
of their chemical composition, can be used in Portland-cemcnt manu- 
facture. In almost every other respect they differ. Alkali waste is 
a fine-grained, soft and pure form of lime carbonate. Slag is very hard, 
coarse-grained, and is composed of lime (CaO), silica, and alumina. 

Waste products or by-products can, of course, be usually obtained 
at a low or nominal cost, and on this account both slag and alkali waste 
assume an importance entirely out of proportion to their other proper- 
ties. But it must be recollected that as by-products their production 
and quality depend entirely upon the condition of the industries of 
which they are wastes, and that no furnace manager or alkali-works 
superintendent will run his plant solely in order to turn out a by-product 
regular in amount and composition. For this reason it is essential that 
a cement-plant using a waste product must be closely identified in owner- 
ship with the furnace or works which furnishes this waste product. 
Common ownership is practically the only way of insuring a sufficient 
and regular supply of satisfactory composition. 

Alkali Waste. 

A large amount of waste material results from the processes used 
at alkali works in the manufacture of caustic soda. This waste mate- 
rial is largely a precipitated form of calcium carbonate, and if sufficiently 
free from injurious impurities, furnishes a cheap source of lime for use 
in Portland-ccment manufacture. The value of the waste for this pur- 
pose depends largely on the process from which it resulted. 

Leblanc-process waste. — The waste resulting from the Leblanc 
process carries a very large percentage of sulphur, mostly in the form 
of lime sulphides, carried over from the pyrites used in the process. A 
fairly typical analysis * of Leblanc-process waste is given below and 
will serve to show the composition of this material: 

* Kingzett, C T The Alkali Trade, p 134 
318 
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Lime carbonate (CaCOi) . 

41 20 

Lime sulphate (CaS0 4 ) . 

2 53 

Lime hydrate (CalLOj) 

S 72 

Lime disulphide (CaS 2 ) 

5 97 

Lime sulphide (CaX) 

25 79 

Sodium sulphide (Xa>S) 

1 H 

Magnesium silicate (MgSiOA 

3 03 

Phosphates of iron and alumina 

S 91 


This material is obviously unfit for use in the manufaeture of Port- 
land cement. Attempts have been made to recover the sulphur con- 
tained in the waste, but the removal of this constituent is never sutti- 
ciently perfect to permit the resulting waste to be of use to the cement 
manufacturer. 

Ammonia-process waste. — The waste from ammonia-process works 
is, on the contrary, a very pure mass of precipitated lime, mostly in the 
carbonate form, though some lime hydrate is always present. As pyritc 
is not used in this process, the sulphur in the waste is commonly well 
within Portland-cement limits. The magnesia content of the waste may 
or may not be high, according to the character of the limestone that has 
been used in the process of soda-manufacture. When a pure limestone 
low in magnesium carbonate has been used, the waste will be low in 
magnesia and is then a very satisfactory Portland-cement material. The 
following analyses are representative of the waste obtained at alkali- 
plants using the ammonia process. 


Tahlk 150. 

A\ masks of Akkuj Wvstk, Ammonia Process 


1 1 

2 

.1 

4 

ft 

Silica (Si()») 

0 00 

1 98 

1 75 

n d. 

0 98 

Alumina (Al 2 () 3 ) 

Iron oxide (FcjOs) 

5«{ 

1 41 

1 38 

| 0 01 

2 20 

1 62 

Lime (CaO) 

53 33 

48 29 

,50 00 

52 40 

50 40 

Magnesia (MgO) 

0 48 

1 51 

.5 35 

3 75 

i 97 

Alkalies (K 2 0,Na 2 0) 

0 20 

0 04 

0 04 

0 20 

0 50 

Sulphur trioxide (SO,,) 

n d 

1 20 

n d 

n d. 

n. d, 

Sulphur (S) 

n d 

n d 

0 10 

n d. 

0 06 

Carbon dioxide (CO?) 

42 43 

39 00 

} 417 °{ 

41 17 

n d 

Water . . 

1 n d 

3 80 

n d 

n. d. 


The analyses given in the above table are of alkali wastes which 
have at one time or another been used in the manufacture of Portland 
cement either in the United States or in England. The effect on the 
waste when a magnesian limestone is used in the alkali-plant is well 



320 


CEMENTS, LIMES, AND PLASTERS. 


shown by analyses 3, 4 and 5, in all of which the magnesia is high for a 
Portland-cemcnt material. 

At the only American cement-plant which uses alkali waste the 
materials (clay and waste) are mixed wot. The waste carries 90 to 95 
per cent of lime carbonate, while the clay used gives the following 
analysis : 


Silica (Si0 2 ) 

63 54 

Alumina (AkO,) 

j 24 00 

Iron oxide (Fe a O,) 


Lime (CaO) 

1 00 

Magnesia (MgO) 

1 05 

Alkalies (K 2 (),Nh20) 

0 78 

Carbon dioxide (( '( )>) 

2 47 

Water 

7 05 


The clay is put through a rotary drier and ground in a dry-pan, 
after which the waste and clay are mixed in a wet pug-mill and ground 
in wet tube mills. The mix is made drier than at most of the plants 
using marl and contains usually about 40 per cent of water. 

It is not, of course, necessary that wet mixing should be practiced 
when alkali wash' is employed as one raw material. The waste could 
be dried, though it is possible that its physical properties might render 
this more difficult than drying limestones or clays. 

List of references on alkali waste as a cement material. — The follow- 
ing brief list covers the few available references on this subject: 

Butler, I). B. [Alkali waste used in England.] Portland Cement: its Manu- 
facture, 'resting, and Use, pp. 25-27. 1899. 

Lathbury, B. B. The Michigan Alkali Company’s plant for manufacturing 
Portland cement from caustic-soda waste. Engineering News, June 7, 
1900. 

Lathbury, B. B., and Spaekman, H. S. The Michigan Alkali Company's plant, 
Wyandotte, Michigan. The Rotary Kiln, pp. 110-119. 1902. 

Redgrave, (L U. [Use of alkali waste m England.] Calcareous Cements: 
their Nature and Uses, pp. 182-184. 1805. 

Blast-furnace Slag. 

True Portland cements, which must be sharply distinguished from 
the slag (or puzzolan) cements described in Part VII of this volume, can 
be made from mixtures which contain blast-furnace slag as one ingre- 
dient. In this case the slag is intimately mixed with limestone and the 
mixture is finely powdered. It is then burned in kilns and the resulting 
clinker pulverized. 
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The slags from iron furnaces consist essentially of lime (CaO), silica 
(SiO-i), an^l alumina (AI2O3), though small percentages of iron oxide 
(FeO), magnesia (MgO), and sulphur (S) are commonly present. 
Slag may therefore he regarded as a very impure limestone or a very 
calcareous clay from which the carbon dioxide 1ms been driven ofT. 

Two plants are at present engaged in the United States in t lie 
manufacture of true Portland cement from slag, and there seems to be 
no reason why this cheap and satisfactory raw material should not 
become an important factor in the cement industry of the country. 

Slags in general. — Slags are the fusible' silicate's formed, during the 
smelting or refining of metals, by the combination e>f the fluxing materials 
with the gangue of the ore. The composition of the' slag, therefore, will 
be eletermineel by the composition and relative' proportions of the' fluxes 
and the gangue. In general, the slag will contain only those' elements 
which are present in either the gangue' e)r the* flux, though it may carry 
also a pe»m»ntnge, usually small, e»f the' me'tal which is be*ing smelted or 
treat e'el. In some pmersse's alse> the' composition ol the' slag may be 
slightly modified through the action of the furl, from which eTrtain 
impurities may be taken up. 

While' many elements may occur in slags, those whiVh are of uni- 
versal or e'ven common oocurrowe are' e'emiparative'ly few. 'fhe slags 
commonly founel in iron metallurgy consist e'sse»ntially e>f silica, alu- 
mina, iron oxide, and lime, with e>r without magnesia. Alkalies, sul- 
phur, and phosphorus are alse> almost invariably pre*sent, but in small 
peirent age's. 

The following analyses e>f slags from various funnier* will se'rve' 
to give' semio id(*a of the' range' in compeisition e>f the'se proelucts. 

Tahlk 1 57. 

Awiam.i of Ikox-fi uwck Si.aos 


Silica (Si<>.) 

30 

00 

30 

72 

32 51 

32 

90 

26 

88 

31 

65 

Alumina (A1 »Oj) 

28 

00 

10 

40 

13 91 

13 

25 

24 

12 

17 

(X) 

Iron oxides (Fc‘(),Fe\.()0 

0 

o> 

0 

43 

0 18 

0 

46 

0 

41 

0 

65 

Lime (CaO) 

: 32 

To 

48 

59 

41 75 

47 

30 

45 

11 

47 

20 

Magnesia (MgO) 

5 

25 

1 

28 

2 20 

1 

37 

1 

09 

1 

36 

Lime sulphide (CaS) 

1 1 

90 

2 

16 

4 90 

3 

42 

1 

86 

11 

d. 

Silica (SiOd 



28 

35 

38 00 

31 

50 

32 

20 

33 

10 

Alumina (A1 2 0 3 ) 



18 

15 

10 00 

18 

56 

15 

50 

12 

60 

Iron oxides (FeO,Fe 2 Oa) 



1 

50 

n d 

n 

d 

n 

d 

n 

d 

Lime (CaO) 



47 

40 

46 0 

42 

22 

48 

14 

49 

98 

Magnesia (MgO) 



2 

45 

n d 

| 3 

18 

2 

27 

2 

45 

Lime sulphide (CaS) 



t n 

d 

n d 

n 

d 

n 

d j 

n 

el 
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Slags used as Portland-cement materials. — The slags used in Port- 
land-cement manufacture are iron blast-furnace slags of the more basic 
types — i.e., those in which the lime (CaO) reaches 30 per cent or over. 
The higher the lime, up to say 50 per cent, the more valuable the slag 
for this use. The composition of the slags will usually be controlled, 
however, by the requirements of the furnaces, not by the needs of the 
cement-plant. 

The following shows the range in composition of the slags used at 
a German Portland-cement plant : 


Analyses of Si, a<j Used in Portland-cement Manufacture 


Silica (Si(>d 
Alumina (Al 2 ().,) 

Iron oxide (FeO) 

Lime (CaO) 

Magnesia (MgO) 
Sulphur trioxide (S() 3 ) 


IVr Cent 

30 to 35 
10 “ 14 

0 2 “ 1 2 
40 ‘ ‘ 49 

0 5“ 35 
0 2“ 06 


Ar a Portland-cement material slag possesses one great advantage 
in addition to its cheapness. This advantage is chemical, and is due 
to the fact that the lime contained in the slag is present in the form 
of oxide (CaO), instead of carbonate (OaCOa), as in limestones. It does 
not require to be decarbonated, and therefore a mixture made up of 
slag and (day will clinker with less fuel than one consisting of limestone 
and (day. 

Opposed to this chemical advantage is a physical disadvantage. 
If the slag is allowed to cool as it issues from the furnaces, it solidifies 
into very hard and tough masses much more resistant than the hard- 
est of limestones. In order to avoid this difficulty, it is the common 
practice to “ granulate ” the slag, i.e., to run it direct from the furnace 
into cold water. This proceeding breaks up the slag into little porous 
granules iV to \ inch in diameter, and incidentally removes part of 
the sulphur contained in the slag. But to offset these gains, it intro- 
duces a large amount of water into the product, so that a granulated 
slag may carry from 20 to 40 per cent of water, and this greatly increases 
the cost of drying. 

As the chemical and physical properties of slag introduce certain 
interesting features into the manufacture of Portland cement from a 
limestone-slag mixture, this mixture will be discussed separately on 
later pages. 
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CLAYS, SHALES, VXD SLVTES 

Except when a very clayey limestone or a slag is one component of 
a Portland-cement mixture, the silica, alumina and iron oxide necessary 
for the mix are always supplied in the form of clay, shale, or slate. 

The materials known respectively as clays, shales, and slates are 
of practically the same composition and ultimate origin, but differ in 
their degree of consolidation. 

Clays are ultimately derived from the decay of older rocks, the 
finer particles resulting from this decay being carried off and deposited 
by streams along their channels, in lakes, or along parts of the seacoast 
or sea-bottom as beds of clay. In chemical composition the clays are 
composed essentially of silica and alumina, though iron oxide is almost 
invariably present in more or less amount, while lime, magnesia, alka- 
lies, and sulphur arc of frequent occurrence, though usually only in 
small percentages. 

Shales are clays which have become' hardened by pressure. The 
so-called “ fire-clays " of the Coal Measures are shales, as are many 
of the othei “ clays ” of commerce. The slates include those clayey 
rocks which through pressure have* gained the* property e)f splitting 
reaelily inte> thin parallel leaves. 


Clays. 

The term clay is applied to fine-grained unconsolidated materials 
which possess the property of plasticity when wet, while they 
lose this property and harden on being strongly heated. Being, as 
explained below, the finer debris resulting from the decay of many 
different kinds of rocks, the clays will naturally differ greatly among 
themselves in composition, etc. 

Origin of clays. — When rocks of any kind are exposed to atmospheric 
action, more or less rapid disintegration sets in. This is due partly to 
chemical and partly to physical causes. It is hastened, for example, 
by the dissolving out of any soluble minerals that may occur in the 
rock, by the expansion and contraction due to freezing, and by the 
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action of the organic acids set free by decaying vegetable matter. The 
more soluble ingredients of the rock are usually removed in solution 
by surface or percolating waters, while the more insoluble portions 
are either left behind or are carried off mechanically by streams. These 
relatively insoluble materials when sufficiently fine grained constitute 
the clays. When they an; left as a deposit in the spot where the orig- 
inal rock disintegrated, they are called residual clays; when they are 
carried off by surface-waters and finally deposited in the sea or along 
river-beds they an; transported or sedimentary clays. A third class of 
particular interest to the cement manufacturer are the glacial clays, 
deposited under or in front of the glaciers which formerly covered most 
of the Northern States. 

Based on the facts above stated as to origin and deposition, clayey 
materials may be classified as follows: 

A. Residual clays , resulting from the decay in place of pre- 

existing rocks. According to the parent rock the clays 
may be derived, 

A 1 . From decay of more or less clayey limestones. 

A 2. From decay of shales or slates. 

A 3. From decay of igneous rocks. 

B. Transported clays , resulting from the transportation by water 

(or more rarely by ice or wind) of cither the residual clays 
of (lass A or of other finely ground rock; and the deposi- 
tion of such material at more or less distance from its point 
of origin. The sub-classes arc: 

B 1. Water-borne clays; carried by water and deposited 
(a) In sea basins. 

(h) Along stream valleys. 

(c) In lakes. 

B 2. Ice-borne or glacial clays. 

B 3. Wind-borne clays. 

Composition of clays. — The residual, sedimentary and glacial clays 
usually differ markedly in composition, owing to the different manner 
in which they have been deposited. The residual clays, for example, 
are apt to contain coarse fragments of any vciy insoluble and hard 
material which the original rock may have contained. A residual 
clay arising from the decay of a granite will probably contain frag- 
ments of quartz; one derived from a limestone may contain chert or 
flint, as well as masses of undissolved lime carbonate. A sedimentary 
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clay, on the other hand, having been transported by water for great 
distances, has usually lost all its coarser material and is a tine-grained 
and homogeneous product. The glacial cl** vs, being formed mechan- 
ically by the abrading power of the ice, show even less homogeneity 
than the residual clays, and are apt to contain much sand, gravel, and 
pebbles. 

Clays used in Portland-cement manufacture.— For use as Portland- 
ccmcnt materials clays should be as free as possible from gravel and 
sand, as the silica present as pebbles or grit is practically inert in the 
kiln unless ground more finely than is economically practicable. In 
composition they should not carry less than 55 per cent of silica, and pref- 
erably from (it) to 70 per cent. The alumina and iron oxide together 
should not amount to more than one-half the percentage of silica, and 
the composition will usually be better the nearer the ratio AljOs + IT'aOa 


Si() 2 

'T" 


is approached. 


Nodules of lime carbonate, gypsum, or py rite, if present in any quan- 
tity, are undesirable; though the lime carbonate is not absolutely 
injurious. Magnesia and alkalies should be low, preferably not above 
3 per cent. 

The clays actually used in cement plants may be separated, for con- 
venience, into the normal clays and the limey clays. In this section the 
dividing line between these classes will be fixed arbitrarily at 5 per 
cent of lime (CaO) and magnesia (MgO) together, all clays containing 
over 5 per '-ent of both oxides being called limey clays, while those 
carrying less than 5 per cent are termed normal clays. 


Shales. 

It has been noted above that shales are simply clays which have 
been hardened by pressure. This statement, while approximately 
correct, requires some restriction. For the shales wen 1 formed almost 
entirely from extensive deposits of clays of maiine origin, and there- 
fore do not show the same irregularities of composition, etc., that mod- 
ern clays exhibit. Shales, for example, randy an 1 so full of coarse sand 
and gravel as the glacial clays of Michigan and other Northern States. 
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Table 158. 

Analyhkh of Nohmal Claim Used in Amehican Cement-plants 
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Table 159. 

Analyses ok Limey Clays Lsei> in American Cement-plants. 
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Table 100. 

Analyses of Normal Shales Used in American Cement-plants. 



173 

Alumina 

lAljOjl 

% 

C $ 
c te* 

C 

05 

O 

£ 

£ 

e! 

IS 

S'. 

£ 

X 

h? 

r 7. 

o 

6 

u 

Water 

<5 

o 

£ 

+ 

O 
















, 



1 

57 

98 

18 

20 

4 

57 

1 

75 

J 

80 

n 

a 

1 28 


12 

08 




2 

05 

5)5) 

21 

57 

0 

07 

0 

■17 

0 

82 

n 

a 

n a 

n 

a 

n 

d. 



o 

00 

00 


20 00 


1 

25 

1 

25 

ii 

a 

n a 

n 

a 

0 25 



4 

00 

50 


27 

02 


1 

20 

1 

20 

n 

a 

n a 

n 

a 

n 

a 



5 

55 

80 


00 

20 


] 

10 

n 

(1 

n 

<i 

n a 

n 

a 

n 

a. 



0 

50 

00 


29 

80 


n 

a 

n 

a 

n 

a 

n a 

n 

a 

n 

a 



7 

00 

00 

20 

20 

4 

02 

0 

90 

1 

12 

n 

a 

n a 


0 

10 




8 

02 

07 

19 

5)9 

5 

10 

1 

25 

0 

72 

n 

a 

n a 

n 

a 

n 

a. 



9 

00 

15 

19 

78 

9 

10 

0 

52 

0 

10 

n 

a 

tr 

n 

a 

n 

a 



10 

00 

97 

20 

00 

0 

59 

0 

05 

1 

10 

n 

a 

tr 

n 

a 

n 

a 



11 

55 

00 

21 

79 

5) 

20 

II 

<1 

n 

a 

n 

a 

n a 


8 

01 




12 

54 

70 


01 

08 


1 

15 

p 

a 

n 

a 

n a 

n 

a 

n 

a 

1 ' 

72 

10 

04 

00 


00 

00 


1 

10 

1 

00 

ii 

a 

n a 

n 

a 

n 

a 

! 1 5 

91 

It 

70 

20 


20 

90 


n 

(1 

n 

a 

n 

a 

n <i 

n 

a 

n 

a 

2 01 

15 

01 

09 

19 

19 

0 

78 

2 

51 

0 

05 

0 

10 

1 12 


5 

10 




10 

01 

15 

18 

17 

5 

05 

0 

5)8 

2 

20 

ii 

a 

0 91 


7 

02 




17 

5X 

21 

18 

50 

7 

08 

l 0 

01 

0 

21 

n 

a 

n a 


10 01 




IS 

55) 

01 

19 

1 1 

7 

59 

0 

20 

2 

01 

1 1 

00 

n a 


4 

71 




1!) 

02 

10 

20 

05) 

7 

81 

0 

05 

0 

90 

ii 

a 

0 19 







20 

51) 

02 


25) 

81 


0 

08 

2 

10 

n 

a 

n a 

n 

a 

n 

a 



21 

5H 

11 


27 

15 


l 

10 

2 

20 

ii 

a 

n a 

n 

a 

n 

a 



22 

5X 

90 


27 

25 


1 

20 

2 

18 

n 

a 

n a 

n 

a 

n 

a 



20 

58 

92 


27 

(K) 


1 

11 

2 

02 

n 

a 

n a 

n 

a 

n 

a 



24 

00 

21 


00 01 


2 

21 

1 

55 

ii 

a 

n a 

n 

a 

n 

a. 

2.01 

25 

00 

02 


20 

00 


2 

01 

1 

02 

n 

a 

n a 

n 

a 

n 

a. 




1 WVhIct n 1* C Co, Yankton, S D Mineral Industry, \oI 6, p 97 

2 Ciencent I’ (’ Co, Wampum, I’a 

il WHIhIoii P (’ Co , Wrllaton, Ohio W S Truehlond, nnulysf 
4 7 Iionton I 1 C (’o , Fronton, Ohio C 1) Quick, aiml\at 
8-11 Diamond I' C Co, Middlo Branch, Oluo Davidson, nnahst 
12-14 Hudson 1’ (' Co, Hudson, N \ Heiberg and Honey, unalvsts 

ir» Alpena 1’ C ('o, \lpemi, Mu h \ ol S, pt .1, Heports Mieh Geol Survey, p. 227. 

16 Wolvei me V C Co , Coldunler, Mich 

17 Michigan P C Co , Cohluater, Mieh Cement Industry, p 78 

18 Lehigh I* C Co , Mitehell, I ml 2(ith Ann Hep Indiana I)ept Geology, p. 276. 

19 Bronson H C Co , Bronson, Mieh Mineral Industry, vol (5, p 99 

20 Peerless P C Co , I'nion City, Mieh Lundteigen, analvst 

22 2.1 Cayuga P C Co , Portland Point, N Y J II MeCmne, analyst 

The limey shales are almost exclusively shales which occur inter- 
bedded, in comparatively thin layers, with limestones. Occasionally 
a limey shale will owe its content of lime almost entirely to the fossil 
shells it contains, the remainder of the shale being practically free from 
carbonates. For both of (he above reasons limey shales are apt to 
be a source of trouble in the practical working of a plant and require 
considerable care in quarry management to insure that the raw mate- 
rials arc anywhere near uniform in composition from day to day. 
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Table 161. 

Analyses ok Limey Shaleh Used in American Cement-plants. 
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1. Chicago P C Co , OKlmby, III Manufacturer’s circular 

2, Marquette Cement Co , OKlettby, 111 2. r >th Ann Ren l' S lieol Survey, pt. 6, p .544 

3. Gcrman-Arnerican P. C Works, La Salle, 111 W H PrOssiiiK, analyst 

4, !i. Iola P C Co , Iola, Kansas 
0. Kansas P C Co , Iola, Kansas 
7-9. Alpena P C Co , Alpena, Mich 

10-18 Cayuga P C Co , Portland Point, N Y. J H McGuire, analyst 

19-22. Bronson P C Co , Bronson, Mich W II Simmons, analyst Vol 8, Mich Geol Survey, 
p 239 

23. Virginia P C Co , Craitcsville, Va “Cement Industry," p 235 


Examination of clay deposits.- Most of the notes in relation to 
examining limestone deposits presented on an earlier page will apply to 
the report on a deposit of clay or shale. In sampling, however, the earth- 
auger can he used much more extensively, as the clayey materials are 
usually soft enough to be bored readily by such means. For valuable 
notes on the use of the auger, reference should be made to the papers 
cited below.* 

* Bleininger, A. V. The manufacture of hydraulic cements. Bulletin 4, Ohio 
Geol. Survey, pp. 102-108. 1904. Catlett, C. The hand-auger and hand-drill in 
prospecting work. Trans Amer Inst. Min. Engrs , vol 27, pp 123-129. 1898. 
Jones, C. C A geologic and economic survey of the clay deposits of the lower 
Hudson River Valley Trans. Amer. Inst Min. Engrs., vol. 29, pp 40-83. 1900 
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The methods of examination and estimate will depend chiefly on 
the origin, and consequently the form, of the clay dejxxsit, whether a 
bed, a lens, or a steeply inclined mass. As to weights, long series of 
records justify the assumptions that ordinaiy soft clays will average 
120 lbs. per cubic foot in the bank, and shales 150 lbs. per cubic foot. 
For rough calculations as to tonnage it may therefore be assumed that 
clays will weigh H tons and shales 2 tons jxt cubic yard, in the bank. 

List of references on clays and shales.— The literature of clays is 
so extensive that the descriptive papers in the following list have been 
arranged by States in alphabetical order. 


General. 
United States. 


Alabama. 


Arkansas. 


California. 


Colorado. 


Florida. 


Georgia. 


Eckel, E. ('. Building stones and days. Svo., pp. 264. 
New York, 1912 

Hies, H. The clays of the United States east of the 
Mississippi River, Profe^sonnl Pa|X'r No 11, U. S. 
Geological Survey, 2N9 pp. 1903. 

Hies, II , and Smith, E. Preliminary re|x>rt on the clays 
of Alabama. Bulletin 6, Alabama Geological Survey, 
220 pp. 1!MX). 

Brainier, J. C The cement materials of southwest Arkansas. 

Trans. Am. Inst Mm. Kngrs , vol. 27, pp 12-03. 
Brainier, J C The clays of Arkansas. Bulletin No. — , 
V S. Geological Sun ev. (I 11 press.) 

Johnson, \V. 1) ('lays of ('ahforma. 0th Ann. Report 
California State Mineralogist, pp. 2N7-30N. 1 St>(). 

Ries, II. The day-working industry of the Pacific ('oast 
States. Mines and Minerals, vol. 20, pp. 487-488. 
1000. 

Lakes, A. Gypsum and day in Colorado. Mini's and 
Minerals, Mil. 20. December, 1800 
Ries, H. The clays and clay-working industry of Colo- 
rado Trans. Am. Inst. Min. Engrs , \ol. 27, pp. 336- 
340. 1808. 

Memminger, C. J. Florida kaolin dcjiosits. Eng. and 
Min Journal, vol. 57, 436 pp. 1804. 

Vaughan, T. W. Fullers’ earth dej>osith of Florida and 
Georgia. Bulletin 213, U. S. Geological Survey, pp. 
392-399. 1903. 

Ladd, G. E. Preliminary report on a part of the clays 
of Georgia. Bulletin 6A, Georgia Geological Survey, 
204 pp. 1898. 

Vaughan, T. W. Fullers’ earth deposits of Florida and 
Georgia. Bulletin 213, II. S. Geological Survey, pp. 
392-399. 1903. 



332 


CEMENTS, LIMES, AND PLASTERS. 


Indiana. 


Iowa. 

Kansas. 

Kentucky. 

Louisiana. 


Maryland. 

Massachusetts. 

Michigan. 

Minnesota. 

Mississippi. 

Missouri. 

Nebraska. 

New Jersey. 

New Jersey. 


Blatchley, W. S. A preliminary report on the clays and 
clay industries of the coal-bearing counties of Indiana. 
20th Ann. Rep. Indiana Dept. Geology and Natural 
Resources, pp. 24-187. 1800. 

Blatchley, \V. S. (days and clay industries of north- 
western Indiana. 22d Ann. Hep. Indiana Dept. 
Geology and Natural Resources, pp. 105-153. 1898. 

Beyer, ft. W , and others. Clays and clay industries of 
Iowa. Vol. 14, Reports Iowa Geol. Survey, pp. 27- 
043. 1904. 

Prosser, 0 S. Clay deposits of Kansas. Mineral Re- 
sources II. ft. for 1892, pp. 731-733. 1894. 

Crump, II. M. The clays and building stones of Kentucky. 

Eng. and Min. Jour., vol. 00, pp. 190-191. 1898. 

Clendennin, W. W. Clays of Louisiana. Eng. and Min. 

Jour., vol. 00, pp. 450-457. 1898. 

Ries, II. Report on I/misiana clay samples. Report 
Louisiana Geological fturvey for 1899, pp. 203-275. 
1900. 

Ries, II. Report on the clays of Maryland. Vol. 4, pt. 3. 
Reports Maryland Geological fturvev, pp. 203-507, 
1902. 

Whittle, G. L. The clays and clay industries of Massa- 
chusetts Eng. and Mm. Jour., vol. 00, pp. 245-246, 
IS! IS. 

Ries, 1L (Jays and shales of Michigan. Vol. 8, pt. 1. 

Reports Michigan Geological Survey, 07 pp. 1900. 
Berkey, C P. Origin and distribution of Minnesota clays. 

Amer Geologist, vol. 29, pp. 171-177. 1902. 

Eckel, E. 0. Stoneware and brick clays of western Ten- 
nessee and northwestern Mississippi. Bulletin 213, 
l T . ft. Geological fturvey, pp. 382-3!) 1. 1903. 

Wheeler, II. A. Clay deposits of Missouri. Vol. 2, 
Reports Missouri Geological fturvey, 022 pp. 1890. 
Gould, 0. N., and Fisher, C. A. The Dakota and Car- 
boniferous clays of Nebraska. Ann. Rep. for 1900, 
Nebraska Board of Agriculture, pp 185-194. 1901. 

Cook, G. 1L, and Smock, J. C. Rejiort on the clay deposits 
of New Jersey. New Jersey Geological fturvey, 381 pp. 
1878. 

Ries, II., Kummel, B., and Knapp, G. N. The clays and 
clay industries of New Jersey. Vol. 0, Final Reports 
fttate Geologist. New Jersey. Svo., 548 pp. 1904. 
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New York. 

North Carolina 

North Dakota. 
Ohio. 

Oregon. 

Pennsylvania. 


Soi th Carolina. 

Soi'th Dakota. 
Tennessee. 


Jones, C. C. A geologic and economic survey of (lie clay 
deposits of the lower Hudson River Valley. Trans. 
Am. Inst. Min. Hngrs., vol. 29, pp. -10-83. 1900. 

Ries, H. Clay-* of New York. Bulletin 35, New York 
State Museum, 455 pp. 1900. 

Holmes, .1 A. Notes on the kaolin and clay dejKisits of 
North Carolina. Trans. Am. Inst. Mm. Kngrs., vol. 25, 
pp. 929-930 1S90. 

Hies, H. (’lay deposits and day industry in North Caro- 
lina. Bulletin 13, N. (’. Geological Survey, 157 pp. 
1897. 

Babcock, E J. Olavs of economic value in North Dakota. 
1st Hep. N. 1). Geological Survey, pp 27 55 1901 

Orton E Tin* clavs of Ohio and the industries estab- 
lished u|x)n them Vol 5, Hejxirts Ohio Geological 
Survey, pp. 013-721. 1881 

Orton, E. The clays of Ohio their niigin, comjiosition, 
and varieties Vol 7, Hejxirts Ohio Geological Sur- 
vey, pp. 45-08. 1893. 

Hie", H. The day-working industries of the Pacific 
Coast States. Mines and Minerals, vol 20, pp. 187- 
488. 1900. 

Hopkins, T C. Clays of western Pennsylvania. Appen- 
dix to Ann. Hep Pennsylvania State College for 1897- 
98, 184 pp. 1898. 

llopkms, T. C Clavs of southeastern Pennsylvania. 
Appendix to Ann. Hep Pennsylvania State College for 
1898 99, 70 pp. 1899. 

Hopkins, T C Clays of the Great Valley and South 
Mountain areas. Apjiendix to Ann Bcp. Pennsylvania, 
State College for 1899-1900, 15 pp 0HX). 

Wool soy, L. H (’lays of the Ohio Valley m Pennsylvania. 
Bulletin 225, V. S. Geological Survey, pp 103-180. 
1904. 

Sloan, K. A preliminary refxirt on tlie days of South 
Carolina. Bulletin 1, South Carolina Geological Sur- 
vey, 171 pp. 1904. 

Todd, J. K. The day and stone resources of South Dakota. 
Eng. and Mm. Jour , vol. 00, p. 371 1898. 

Eckel, E. C. Stoneware and brick days of western Ten- 
nessee and northwestern Mississippi. Bulletin 213, 
V S. Geol Survey, pp. 382-391 1903. 

Kennedy, W. Texas clays and their origin. Science, 
vol. 22, pp. 297-300. 1893. 


Texas, 
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Washington. Landes, H. Clays of Washington. Vol. 1, Rep. Wash- 
ington Geol. Survey, pt. 2, pp. 13-23. 1902. 
Wisconsin. Buckley, E. R. The clays and clay industries of Wis- 

consin. Bulletin 7, Wisconsin Geol. Survey, 304 pp. 
1901. 

Wyoming. Knight, W. C. The building stones and clays of Wyoming. 

Eng. and Min. Jour., vol. 66, pp. 546-547. 1898. 


Slates. 

Slate is, so far as origin is concerned, merely a form of shale in which 
a fine, even, and parallel cleavage has been developed by pressure. In 
composition, therefore, it will vary exactly as do the shales considered 
in the last section, and so far as composition alone is concerned, slate 
would not be worthy of more attention, as a Portland-cement mate- 
rial, than any other shale. 

Commercial considerations in connection with the slate industry 
however, make slate a very important possible source of cement mate- 
rial. Good roofing slate is a relatively scarce material and commands 
a good price when found. In the preparation of roofing slate for the 
market so much material is lost during sawing, splitting, etc., that 
only about 10 to 25 per cent of the amount quarried is salable as slate. 
The remaining 75 to 90 per cent is of no service to the slate-miner. It is 
sent to the dump heap, and is a continual source of trouble and expense. 
This very material, however, as can be seen from the analyses quoted 
below, is often admirable for use in connection with limestone in a 
Portland-cement mixture. As it is a waste-product, it could be obtained 
very cheaply by the cement manufacturer. 

Geographic distribution of slates. — The principal areas in the United 
States in which roofing slate is at present quarried are briefly noted 
below. For more detailed information on the subject, reference should 
be made to the papers and reports listed on page 336. 

Beginning in the northeast, slates arc extensively quarried in the 
Brownsville-Monson area in northern Maine, but no satisfactory lime- 
stones occur in this district. The next important slate area lies in 
western Vermont and eastern New York, a region well supplied with 
good limestones. In New Jersey and Pennsylvania slates are worked 
just north of the Lehigh cement-rock belt, as noted in Chapter XXI. 
The Peach Bottom slate district, located in southern Pennsylvania, and 
northeastern Maryland, is also important, but is poorly supplied with 
limestone. Isolated slate districts occur in Virginia, but not near 
limestone areas. In eastern Tennessee and northwestern Georgia, 
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however, roofing slates and non-magnosian limestones occur in close 
proximity; and in the Georgia slate district a Port land-cement plant 
is already in operation. West of the Mississippi, good slates are worked 
more or less extensively in Minnesota, Arkansas, Utah, and California. 

Composition of slates. — The composition of a large series of Ameri- 
can roofing slates from various localities is given in Table 102. 


Tahlk 102. 

Analyses of American Roofing Slates 


1, 2 Monson, Maim* 

3 Lancaster, Mass 

4 Hamburg' N Y 

5 West Pawlet, Vt 
0 Pawlet, Vt. 


* Carbonute 
7 Poulteney, N Y 
S Race vi lie, N Y 
9 Bangor, Pa 

10 Peach Bottom, Pa -McJ belt 



l 



: 






a 

7 

Silica (Si0 2 ) 

54 

24 

50 

42 

60 

80 

67 

70 

67 

76 

59 

8-1 

67 

61 

Alumina (A1 2 0 3 ) 

24 

71 

24 

14 

22 

00 

13 

49 

14 

12 

15 

02 

13 

20 

Iron oxides (Fe 2 0 3 ,Fe0) 

8 

59 

4 

46 

10 

50 

2 

75 


52 

5 

96 

6 

56 

Lime (CaO) 

5 

23 

0 

52 

0 

50 

0 

81 

0 

63 

•> 

20 

0 

11 

Magnesia (MgO) 

2 

59 

2 

28 

0 

70 

1 

29 

2 

38 

3 

41 

3 

20 

Alkalies 

2 

15 

8 

08 

2 

30 

4 

91 

4 

82 

r 

60 

5 

12 

Water and C() 2 

(?) 

3 

88 

1 

80 

9 

05 

3 

61 

6 

S3 

3 

42 


s 

9 

10 

I 

l 

1. 


1 

< 

l 

i 

Silica (Si() 2 ) 

5<> 

49 

(>8 

62 

55 

88 

58 

37 

62 

71 

60 

65 

58 

20 

Alumina (Al 2 () t ) 

11 

59 

12 

68 

21 

85 

21 

98 

19 

10 

16 

87 

18 

83 

Iron oxides (Fe 2 () 3 ,FeO) 

4 

90 

4 

20 

9 

03 

10 

66 

2 

18 

7 

79 

5 

78 

Lime (CaO) 

5 

11 

2 

34* 

0 

16 

0 

30 

1 

11 

1 

91 

4 

35 

Magnesia (MgO) 

<> 

43 

3 

76* 

1 

19 

1 

20 

1 

73 

2 

39 

3 

51 

Alkalies 

4 

29 

3 

73 

4 

10 

1 

93 j 

4 

74 

5 

98 

3 

20 

Water and C0 2 

10 

01 

4 

47 

3 

39 

4 

12 

4 

08 

3 

63 

4 

67 


Peach Bottom, Pa ~Md. belt- 
Martnisburg, W Va. 

Arvonia, Va 
Jtockmart, Ga 


Table 163. 

Composition of American Roofing Slates 


| Maximum 

Average 

Minimum 

Silica (Si0 2 ) 

68 62 

60 64 

54 05 

Alumina (A1 2 0 3 ) 

24 71 

18 05 

9 77 

Iron oxides (Fe0,Fe 2 0 3 ) 

10 66 

6 87 

2 18 

Lime (CaO) 

5 23 

1 54 

0 00 

Magnesia (MgO) 

6 43 

2 60 

0 12 

Alkalies (K 2 0,Na 2 0) 

8 68 

4 74 

1 93 

Ferrous sulphide (FeS 2 ) 


0 38 


Carbon dioxide (C0 2 ) 


1 47 


Water of combination 


3 51 


Moisture, below 110° C 


0 62 
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Slates used in cement-manufacture. — Only one American Portland- 
cement plant has tried using roofing slate as one of its raw materials, 
and this plant is of quite recent construction. It is that of the Southern 
States Portland Cement Company, and is located about half a mile 
cast of the village of Rockmart, Polk County, Ga. 

Hard blue slates of Ordovician age, which have been extensively 
quarried for structural purposes, outcrop on the hills south of Rockmart. 
East of the town the surface rock is the “ Chickamauga limestone,’' 
which here contains beds of pure non-magnesian limestone which have 
been quarried at several points for lime. 

The cement company purchased the property of the old Georgia 
Slate Company, half a mile southwest of Rockmart. The intention 
was to quarry the slate, sell as slate the portions best suited for that 
use, and utilize the scrap and waste in the manufacture of cement. 

Tahlk 164. 

Analyses ok Slate Used for Portland Cement, Rockmart, Ga. 



1 

2 

Silica (SiOd 

57 10 

58 20 

Alumina (AMD 

23 65 

18 83 

Iron oxide (CnO) 

4 45 

5 78 

Lime (CnO) 

3 23 

4 35 

Magnesia (MgO) 

3 23 

3 51 

Alkalies (KA>,NaA» 

n d 

3 20 

Sulphur (S) 

n d 

0 49 

Carbon (C) . . 

n d 

0 82 

Carbon dioxide (COO 

\ 6 80 f 

0 60 

Water 

| D Oil | 

4 07 


1. J F Davis, analyst Privately oornniumeaD'd 

2 8lnmim and Ynmlcvc'iitc't , analyntn LSth Ann Hop U S Cool Survey, pt 5. 

References on slates. — The following papers contain material of 
interest in connection with the composition, distribution, and structure 
of slate. 

Dale, T. N. The slate belt of eastern New York and western Vermont. 19th 
Ann. Rep. U. S. Geol. Survey, pt. 3, pp. 153-307. 1899. 

Dale, T. N. The slate industry at Slatington, Pa., and Martinsburg, W. Va. 

Bulletin 213, U S. Geol. Survey, pp. 361-364. 

Dale, T. N. The slate deposits and slate industry of the United States. 

Bulletin 275, U. S. Geol Survey. 154 pp., 1908. 

Davies, D. C. Slate and slate quarrying. 12mo, 181 pp. London, 1899. 
Eckel, E. C. Slate deposits of California and Utah. Bulletin 225, U. S. Geol. 
Survey, pp. 417-422. 1904. 
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Eckel, E. C. The chemical composition of American shales and roofing slates. 
Journal of Geology, vol. 12, pp 2.5-29. 1904. 


Coal Ash. 

Among the other raw materials which are used to some extent in 
cement mixes, or which can be so used, may be mentioned iron ores 
(in the high-iron Portlands); bauxite (in the high-alumina Portlands); 
and coal ash in normal Portlands. The use of iron ore and of bauxite 
is briefly taken up on later pages (pages r>17-T>19). Tin* use of coal ash 
as a flux for over-siliceous clays and shales is a rather obvious economy, 
though not often practiced. On page 4.5.5 in table 192 will be found a 
larger number of coal-ash analyses than can be found elsewhere. 



CHAPTER XXVI. 


EXCAVATING THE RAW MATERIALS. 

The excavation of the raw materials is the first step toward the 
actual manufacture of Portland cement, and the one concerning which 
least has been published. Local conditions enter into this preliminary 
phase to such an extent that few general statements can be made con- 
cerning it. To a large extent, each separate deposit of raw material 
is an individual proposition to be handled best in a way peculiar to 
itself. The natural raw materials which are at present used in the 
American Portland-cement industry are worked by one of three gen- 
eral methods. These are: (1) quarrying or digging from open pits; 
(2) mining from underground workings, and (3) dredging from deposits 
covered by water. 

Available excavation methods. — Disregarding dredging, which is of 
course a method usable only under certain clearly understood conditions, 
we may say that rock may be won by either quarrying or mining; and 
that in either case there are two subdivisions, according to the mode of 
attack or of transport. This gives four possible alternative methods of 
work. They are: 

(1) Quarrying ; in which all the work, both excavation and 

handling, is done in the open air. Of quarrying there 
are two broad subdivisions: 

(a) Quarrying in benches or levels; in which the working 

face of the quarry is carried up in step-like form. 

(b) Quarrying unth single face; in which no benches are 

used, the stone being worked in a single straight 
and approximately vertical face. 

(2) Mining; in which workings or handling take place under- 

ground. This has two broad subdivisions. Of mining 
methods there are: 

(a) V nderground mining proper; in which all the work, 
both rock excavation and haulage, takes place 
under cover. 
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(b) Pit-and-tunnd or Glory-hole systems; in which the 
rock is excavated in the open air, blit is milled 
down to a covered tunnel below the workings for 
loading and haulage. 


These four rtiethods of excavation have been named alx>ve in about the 
general order of their utility. Each of them has certain advantages and 
limitations, depending chiefly upon the character and structure of the 
rocks to be secured, but in part upon other features, toj)ographic par- 
ticularly. 

The choice of methods.— The factors which influence the choice' of 
methods, as between the different kinds of quarrying and mining work, 
arc of various character; they include considerations of relative cost, of 
attitude on the rock beds, of the character of the' bedding and of the 
individual beds, and of the surrounding topography. The effect of 
these different factors upon the choice of excavation methods may be 
briefly summarized as follows: 

A. Cost. — Wince we are interested in securing the necessary supply of 
rock at the lowest possible unit cost (and of proper composition), the 
relative cost of the four different methods is a mutter of serious impor- 
tance, though it is sometimes overborne by other considerations. As 
regards cost, we may say that quarrying is cheaper than mining, other 
things being equal, both in the first cost of installation and in the actual 
operation afterwards. But in each case there is a considerable differ- 
ence at one or the other stages of the work, between the two sub-methods 
of each group. The four methods may bo placed as follows, in the order 
of cheapness: 


Cost of Installation 

1, 2 Either quarry method, about equal in 
economy of first cost 

3 Underground mining proper 

4 Pit-und-tunnel or glory-hole system 


CoHt of ( Ipcrution 

1 (Quarry wit h single face. 

2 Quarry in benches. 

3 Pit and tunnel 

4 Underground mining 


The above notes as to relative costs arc bast'd on the theory that in each 
case conditions permit the system chosen to be worked to its maximum 
of efficiency; in that case the choice would of course be determined by 
cost alone, and in that case we would obviously always work quarries, 
and always work them in single faces. But in real life the rocks do not 
give us such simple opportunities for choice. The other considerations, 
which often are so strong, in any particular case, as to overrule ques- 
tions of cost, are related to the character and the position of the desir- 
able rock-beds. 
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B. Rock conditions . — These various considerations may be sum- 
marized in so far as they affect each of the possible excavation methods, 
as follows. 

Quarrying single face is economical always when the rock is massive 
or contains no large amount of undesirable beds. In the cement-rock 
quarries of Pennsylvania, in practically all shale quarries or clay pits, 
and in many of the better limestone quarries all of the material is usable, 
and in such cases deep drilling, heavy blasting, and single-face working 
are obviously the cheapest modes of attack. 

Quarrying in benches always costs a little more, and sometimes 
much more, lhan quarrying single face. But it is necessary when the 

rock series contains beds of 



Fio 71 — Actual cement quarry; typicall 
adapted to working in benches at fiisl 
and later mining 


dangerous or undesirable char- 
A acter, at least to any serious 
- b extent. The actual quarry 
• whose section is shown in Fig. 
71 must clearly be worked in 
d benches; when the stripping 
(Beds T-C) gets too thick it 
E will indeed have to be mined 
underground, under cover of the 
P good sandstone roof C, that is 
available, in order to get the 
y desirable limestone and shale 
' beds 1), E and F. 

So long its the rocks are lying 


flat or nearly so, it is possible to extract pretty cheap rock by benching 
even from a badly mixed series of good and bad beds. But when the 
rocks are steeply tilted benching does not work well; in that case, if it 
is absolutely necessary to work the quarry, mining seems the better 


choice. 


Underground mining can be carried out on beds ranging from 5 to 30 
feet thick, and if the roof be good the expense is not prohibitive. It is in 
fact the only method applicable when a good desirable bed goes under 
cover too heavy to strip, so long as there is a good roof rock available. 


(Fig. 72.) 

Pit-and-tunnel or glory-hole workings have long been employed 
in iron and other metal mines; their application to stone extraction is 
more recent and very limited. They require heavy preparatory work 
before any yield is obtained; they can be worked, after completion of the 
installation, very cheaply under favorable conditions. When the rock 
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sought for is a very heavy bed or mass, reaching the surface with little 
or no stripping, and when the outcrop is high above the mill level, the 



conditions for pit-and tunnel extraction are at their best. In Fig. 73 
a layout of this favorable type is indicated in section. 



The three different general methods of excavation will first be briefly 
considered, after which the cost of excavating various raw materials 
will be discussed in some detail. 

Quarrying. 

In the following pages the term “ quarrying ” will be used to cover 
all methods of obtaining raw materials from open excavations — quarries, 
cuts, or pits — whether the material excavated be a limestone, a shale, 
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or a (‘lay. Quarrying in the most natural and common method of 
excavating the raw materials for cement -manufacture. If marl, which 
is usually worked by dredging, lx* excluded from consideration, it is 
probably within safe limits to say that 95 per cent of the raw mate- 
rials used at American Port hind-cement plants art; obtained by quarry- 
ing. If marls lx; included, the percentages excavated by the different 
methods would probably bo about as follows: quarrying, 92 per cent; 
dredging, 0 per cent; mining, 2 per cent. 

Stripping.— When a limestone is being quarried, the opening should 
be so located as to give as little stripping as possible in proportion to 
the available rock; for in this case tlx; stripping is merely dead work, 
adding greatly to the expense of the product. In dealing with a shale- 
bed, the “stripping” is usually merely weathered shale and can be 
used as well as tlx* harder portions of the deposit. 

A very thick bed of limestone, or a bod of moderate thickness lying 
almost horizontally, will not give as much stripping per ton of good 
rock as a thin bed or a bod dipping at a high angle. In handling com- 
paratively thin earth stripping in flat country, scrapers or excavators 
may be used; while at one cement-plant a heavy soil cover on a quarry 
near a river-bank is removed by hydraulieking. This last process is 
also used in several large brick -plants. 

Quarrying single-face. Tlx* largest individual limestone quarries 
in the country are single-face quarries, but they arc* not so numerous 
as bench quarries, a fact that is often overlooked. A single-face quarry, 
to be run at maximum economy, should be in a rock series that does not 
contain many or thick beds of rock undesirable* because of magnesia 
or otherwise*, (liven a thick series of good stone, a single-face quarry 
can be operated very cheaply; and it has the further advantage that it 
can handle steeply dipping beds more easily than any other mode of 
attack. 

Single-face work permits the use of deep drill-holes and heavy single 
blasts. It thus overcomes one of the serious practical difficulties of a 
bench operation — the necessity for constant shifting of the loading 
tracks, and it permits the operation of steam shovels in really economical 
fashion. It is rarely realized how much of the possible efficiency of a 
shovel is lost in ordinary practice through delays and shifts of position. 

Quarry in benches. — In most of the quarries for cement rock or lime- 
stone, the rock is opened up on a low side-hill, so as to give a long work- 
ing-face with light stripping and as little grade as possible in the work- 
ings. The rock is blasted down in one or more benches, according to 
the height of face exposed, and the larger pieces are sledged or reblasted 
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Fig 75 —Temporary tracks laid to face 
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to manageable size by men placed along the working-face. It is then 
loaded either into one-horse carts or into small cars running on tem- 
porary tracks laid close up to the face. In the former case the carts 
are driven to a dump and loaded into cars; in the latter case the cars 
are drawn by horses or pushed by men to a turntable. This turntable 
is a comparatively fixed affair, located far enough away from the work- 
ing face to avoid damage from blasting. Here the cars are attached 
to a cable or to a locomotive and hauled to the mill. 



Occasionally an aerial cableway is used for transporting the mate- 
rial to the mill. This is shown in the view of a cement-rock quarry given 
in Fig. 76. 

In quarries containing several beds of rock differing greatly in com- 
position and lying horizontally, tracks are often run in on different levels, 
so as to insure that each car or cart shall contain only one kind of rock. 
This practice is exemplified in the shale-pit shown in Fig. 77. A similar 
plan is followed in working the quarry* partly shown in Fig. 78, which 
contains several heavy beds of limestone intercalated with workable but 
thinner layers of shale. 
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Use of steam-shovels. — In many limestone 1 and cement-rock quarries 
a steam-shoved is employed to load the blasted rock into the cars, and 
in shale quarries this use; of steam-shovels is more frequent. In cer- 
tain clay- and shale-pits, where the material is of suitable character, the 
steam-shovel can be employed to do all the work, both excavating and 
loading the materials. 

Steam-shovels an 1 in use at the plant of the Purington Paving Brick 
Company, at ( lalesburg, 111. Here a bank of firm shale is drilled, shaken 
with black powder, and then handled entirely by steam-shovel. The 
following detailed figures of cost have been recently published by Mr. 
C. W. Purington. 

The figures cover the handling of 17,422 cubic yards of shale in 
one month of twenty-six nine-hour days. This shale was dug from a 
50-foot bank with a Model 00 Barnhart shovel with 2-yard dipper. 
It was delivered to twenty 2-yard cars and trammed in two directions 
(1500 to 2000 foot respectively) to the bottoms of two inclines. It was 
then hoisted by cable to hoppers placed at an elevation of 20 feet above 
the track and dumped into the hoppers. 


Tahlk 105. 

Dktaiijoo Costs os Sti:\m-shov kl Wokk (Priu \<.to\ ) 1003 



l*( r Month 

lVr \ nrd, 

( VritM 

Labor 

1 engineer on shovel 

1 craneman 

1 fireman at 22] cents per hour 

3 trackmen at 17] cents per hour 

1 engineer on locomotive 

1 switchman at 20 cents per hour 

2 hoist men at 20 cents per hour 

$110 00 

So 00 

52 05 
12S S5 

SO (X) 

-10 so 

05 00 


Fuel - 

Total labor 

1] tons coal per day at $2 (X) per ton for shovel 
] ton coal per day at $2 (X) per ton for locomotive 
1 ton coal per day at $2 (X) per ton for two hoists 

$500 00 

7S (X) 

20 00 

52 00 

0 0513 


Total fuel 

$150 00 

0 00S9 


Total costs, labor and fuel 

$752 00 

0 0432 



_ _ 

1 


These figures do not include charges for superintendence, oil, waste, 
etc. If these be included, the cost of the steam-shovel work will be 
about 5 cents per cubic yard. If the cost of drilling and blasting be 
added, the total cost of handling the shale from the bank to the hop- 
pers may be about 6 cents per cubic yard. Of this the blasting dig- 
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»"*■ Ptr - :un,mn,s l»T yard, wl.il,' tlir trammin Kl hoist- 

">K- : ">‘l dumping will amount to tlir ivmaiiiin K 2 rents. 

In handling shales, Mi aie usually \eiv efTeetive exca- 

vators, for here the matvual is physically homogeneous and requires 
only one light blasting to lueak it into liagments that can be readily 
handled by .the shovel. This is well brought, out by the itemized costs 
si von al >ovo for t in> (ialesburg >h a | 0 ( j UMMT 

When dealing with limestones, loeal eomlit ions may decrease the 
effectiveness ol the shovel, and in many quarries will entirely prevent, 
its use. In shallow quariies veil leal seams tilled with clay, soil, or 
other wash from the surface may gieath hinder the work of the shovel; 
and in quarries where rock is so mixed in composition as to require 
sorting the sho\eI is worse than useless. 

Crushing and drying in the quarry. The mek is usually transported 
directly to the mill just as quarried, except that the larger masses are 
sledged to convenient size for handling. At a few quarries, however, 
a crushing-plant is installed at the quarry, and the rock is sent as crushed 
stone to the null. Several of the quarries in question sell a certain 
portion of their product as road metal, which, of course, reduces the 
cost of the finer material which is sent to the cement-plant. 

A few plants ha\e also installed their driers at t lie quarry and dry 
the stone before shipping it to the mill. This practice shows a saving 
in mill space, luit otherwise it seems to have little to recommend it. 
In < he caM's where a wet clay or shale is quanied some distance away 
from the null the saving in t raiwpoi talion charges, due to drying at the 
quarry, would, of comse, be considerable. 


Mining. 

The term “ mining ” will be used, in distinction from “quarrying,” 
to cover methods of obtaining any kind of raw material by underground 
workings, through shafts or tunnels. Mining is rarely employed 
in excavating materials of such low- value per ton as the raw materials 
for Portland-cement manufacture. Occasionally, however, when a thin 
bed of limestone or shah* is being worked, its dip will carry it under 
such a thickness of other strata as to make mining cheaper than strip- 
ping and quarrying for that particular case. 

Mining is considerably more expensive work than quarrying, but 
there are a few advantages about it that serve to counterbalance the 
greater cost per ton of raw material. A mine can be worked steadily 
and economically in all kinds of weather, while an open cut or quarry 
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is commonly in a more or less unworkable condition for about three 
months of the year. Material won by mining is, moreover, always dry 
and clean. 

Underground mining is practicable economically when (1) the desir- 



Lower hnulurrc level 


Fid 70 — Cement-rock mines at (Irenoble, Franco Almost ideal conditions for 
'milling through chutes to low haulage level, with maximum stopping space 
feeding to this level 

able rock occurs in a bed from 8 to 30 feet thick; lying flat or slightly 
inclined, and with a good solid roof-rock overlying the desirable stone. 
A good example of conditions justifying and even necessitating mining 
for cement stone is afforded by the mine shown in section on Fig. 79. 
Pit-and-tunncl systems, including the methods which are called 
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“ glory-hole ” and “ milling," are of use under certain very definite con- 
ditions. There must be a large mass of the desirable rock; it must be 
pretty free from any undesirable beds or layers; and it must be located 
topographically so as to be obtainable by pit-and-tunnel methods. 
This hist, implies that the rock must outcrop well above the level of the 
mill or shipping level. It also implies that there is some natural obstacle, 
or a property line, between rock and mill or else, under such conditions, 
a great single-face quarry would be employed. In Fig. the ideal 
conditions for a glory-hole proposition are indicated. It. will bo seen 
that they require unusual advantages. The entry tunnel A li which 
must be driven through dead rock before a ton can lx* taken, can not be 
too long; it is a matter which may cost $10 to $20 per foot of advance. 
The raise or shaft driven to the surface (H C) is ordinarily in good 
rock throughout, but that helps out very little in the first costs. After 
it is once installed, however, working costs are of course' very low. The 
rock is blasted down in a basin around the shaft mouth (\ and milled 
down through the shaft to the tunnel. Here it is fed through gates into 
cars. What wo gain by this method, which has been long practiced in 
mining work, is to keep tin* loading head fixed, as against the perpetu- 
ally shifting positions of a quarry face. The only serious operating 
troubles come from ore* sticking in the* chutes; that is due* in part to 
overloading, in part to natural stickiness (in some' ore's and rocks); in 
part to freezing (in some' climates). 

The costs are low as soon as operations can begin; the*y may fall to 
ten to twenty cents a ton, for actual working e*osts. But wlie'ii interest 
and amortization on first cost are* aelele*el, the comparison with quarry 
work is not so one-sided. It is worth noting, alse>, that the' costs of 
glory-hole mining re*ach their minimum very sewn after first shipments 
begin, and that they tenel to incre*ase* slightly rather than decrease* after 
that . 

Dredging. 

The term “ dredging ” will be here used to (over all methods of 
excavating soft, wet, raw materials. The faet that the' materials are 
wet implies that the deposit occurs in a basin or expression, anel this 
in turn implies that the mill is probably located at a higher elevation 
than the deposit of raw material, thus necessitating uphill transporta- 
tion to the mill. 

The only raw material for Port land-cement manufacture that is 
extensively worked by dreelging in the United States is marl. Occa- 
sionally the clay used is obtained from deposits overlain by more or 
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less water; but this is rarely done except where the marl and clay are 
interbedded or associated in the same deposit. 

A marl deposit, in addition to containing much water diffused 
throughout its mass, is usually covered by a more or less considerable 
depth of water. This will frequently require the partial draining of the 
basin in order to get tracks laid near enough to be of service. 

In dredging marl the excavator is frequently mounted on a barge 
which floats in a channel resulting from previous investigation. Occa- 



Fia. 80. — Dredge ut marl-plant. 


sionally, in deposits which either were originally covered by* very little 
water or have been drained, the shovel is mounted on a car running 
on tracks laid along the edge of the deposit. 

The material brought up to the dredge may be transported to the 
mill iiTtwo different ways, the choice depending largely upon the manu- 
facturing processes in use at the plant. At plants using dome or cham- 
ber kilns, or where the marl is to be dried before sending to the kiln, 
the excavated marl is usually loaded by the shovel on cars and hauled 
1o the mill by horse or steam power. At normal marl-plants using 
a very wet mixture it is probable that the second method of transpor- 
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“ glory-hole ” and “ milling," are of use under certain very definite con- 
ditions. There must be a large mass of the desirable rock; it must be 
pretty free from any undesirable beds or layers; and it must be located 
topographically so as to be obtainable by pit-and-tunnel methods. 
This hist, implies that the rock must outcrop well above the level of the 
mill or shipping level. It also implies that there is some natural obstacle, 
or a property line, between rock and mill or else, under such conditions, 
a great single-face quarry would be employed. In Fig. the ideal 
conditions for a glory-hole proposition are indicated. It. will bo seen 
that they require unusual advantages. The entry tunnel A li which 
must be driven through dead rock before a ton can lx* taken, can not be 
too long; it is a matter which may cost $10 to $20 per foot of advance. 
The raise or shaft driven to the surface (H C) is ordinarily in good 
rock throughout, but that helps out very little in the first costs. After 
it is once installed, however, working costs are of course' very low. The 
rock is blasted down in a basin around the shaft mouth (\ and milled 
down through the shaft to the tunnel. Here it is fed through gates into 
cars. What wo gain by this method, which has been long practiced in 
mining work, is to keep tin* loading head fixed, as against the perpetu- 
ally shifting positions of a quarry face. The only serious operating 
troubles come from ore* sticking in the* chutes; that is due* in part to 
overloading, in part to natural stickiness (in some' ore's and rocks); in 
part to freezing (in some' climates). 

The costs are low as soon as operations can begin; the*y may fall to 
ten to twenty cents a ton, for actual working e*osts. But wlie'ii interest 
and amortization on first cost are* aelele*el, the comparison with quarry 
work is not so one-sided. It is worth noting, alse>, that the' costs of 
glory-hole mining re*ach their minimum very sewn after first shipments 
begin, and that they tenel to incre*ase* slightly rather than decrease* after 
that . 

Dredging. 

The term “ dredging ” will be here used to (over all methods of 
excavating soft, wet, raw materials. The faet that the' materials are 
wet implies that the deposit occurs in a basin or expression, anel this 
in turn implies that the mill is probably located at a higher elevation 
than the deposit of raw material, thus necessitating uphill transporta- 
tion to the mill. 

The only raw material for Port land-cement manufacture that is 
extensively worked by dreelging in the United States is marl. Occa- 
sionally the clay used is obtained from deposits overlain by more or 
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Costs of Raw Material Excavation. 

It will bo convenient to divide this subject, according to classes of 
raw material and methods employed into (1) quarrying for limestone or 
cement rock; (2) quarrying shale and clay and (3) dredging marl. This 
hist is a matter which was formerly of great importance in the United 
States and Canada, but it is yearly becoming less important to the cement 
industry. The data on it presented in the first edition of this book have 
therefore been allowed to stand unchanged, while, as regards limestone 
and shale quarrying the sections on costs have been entirely rewritten 
in the light of recent and very complete information. The costs in all 
niscs have been retained on the 1900 1015 price level, the reasons for 
this action being stated on pages 6 and S. 

Quarrying limestone, etc. Quarry costs vary not only from quarry 
to quarry, but from month to month in the same quarry, so that to get 
any results of value for comparison long periods have to bo considered, 
and exceptional quarries eliminated. 

Examination of cost shoots covering in each case a year or more of 
normal operation, for twelve mills of varying size, some moderate, others 
very largo, gave results as follows for the period 1013 1015. The actual 
quarry costs ranged from 17.44 cents per ton to 53.10 cents per ton of 
stone, delivered either at the mill or at a main-line railroad point. 
(I'he reason for this distinction is that I wished to eliminate some exam- 
ples of very heavy freight charges, which are unfortunate for the mills 
concerned but have really nothing to do with the question of quarrying 
costs.) The average of all these examples was 37.00 cents per ton of 
limestone. If the average were weighted according to size of mill it 
would not be seriously changed, for one of the very largest producers 
had a high cost. The mills included in this summary are very widely 
scattered over the United States east of the Rockies, and the stone 
worked in their quarries shows every possible variation as to thickness, 
hardness and stripping. 

I may note t hat so far as shallow quarries arc concerned the stripping 
is the chief factor in variations in cost. In the deeper quarries the chief 
differences seem to arise from differences in the haulage. The items 
concerned with the actual rock-breaking are comparatively uniform 
throughout. 

Quarrying shale and clay. — There is far less important variation in 
shale- and clay-pit costs throughout the country than in the limestone 
quarries that have just been discussed. A group of very typical cost 
sheets over long periods ranged, a few extraordinary instances being 
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excluded, between 20 and 30 cents per ton of shale for quarrying and 
delivering at nearby mills. In this connection I may note that, since 
most cement plants were originally located with regard to their lime- 
stone holdings, there is a tendency to find higher freight charges on shale 
than on the stone. As compared with limestone quarries, shale pits 
normally show very low items for powder and supplies; the labor item 
varies largely with the amount of use made of the steam shovels. In 
clay pits especially the variations from month to month in the same 
pit are often enormous; that is chiefly caused by weather conditions, 
which exert their maximum influence on clay banks. 

Cost of marl-dredging. — The costs of dredging and handling marl 
at several American cement-plants are given below on 1900-1915 base. 

The figures given are correct enough so far as actual operation is 
concerned; but the percentage of lost time in a marl operation, due to 
weather or other conditions, adds greatly to the low costs of good 
periods. 

Plant i. The marl- and clay-pits are about 3J miles by track from 
the mill. Both materials are covered by \ to 1 foot of earth, but no 
water. A long cut is made into the deposit, into which cut cars are 
run on light tracks. These cars, containing about 3000 lbs. of marl, 
arc loaded by hand. The contract price for loading is 8 cents per car 
for marl and 14 cents per car for clay, and these prices are equivalent 
to a pay of $3.00 to $4,00 per day of 12 hours for each laborer loading. 
Two engines are used, one for switching and making up trains at the 
marl- and clay-pits, the other for hauling the trains to the mill. The 
total cost for sufficient marl and clay for 1200 barrels cement is: 


2 engineers at SI 50 S3 (X) 

2 firemen at $1 25 2 50 

400 ears marl at $0 08 32 (X) 

SO ears elay at $0 1 1 1 1 20 

2000 lbs eoal at $2 40 per ton 2 40 

Total cost marl and elay for 1200 bbls eement $51 10 

Cost marl and clay for 1 bhl eement 0 043 


Plant 2. The marl and clay occur in a swamp half a mile from the 
mill. The surface material is 2 to 3 feet black loam; this is underlain 
by 9 feet marl, and this, in turn, by the clay. A dredge with a 15- 
H.P. engine and a crew of two men handles the marl, digging enough 
for 240 barrels cement in ten hours. A smaller dredge with orange- 
peel bucket, run by one man, handles the clay. One locomotive hauls 
the material to the plant over tracks laid alongside the excavations. 
Total costs per day for a 240-barrel plant are as follows: 
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1 marl-dredge runner $1 50 

1 levernmn, marl dredge 1 25 

1 day-dredge runner 1 25 

1 locomotive engineer 1 50 

350 lt)H coal for marl dredge at £2 20 per ten 0 38 $ 

150 11)8 coal for clay dredge at $2 20 per ton 0 H>1 

500 lb« coal for locomotive at $2 20 per ton 0 55 

Co«t of clay and marl for 240 barrel cement $0 50 

Cost of day and marl for 1 barrel cement 0 027 


Plant 8. Marl dredged from lake one-quarter mile from mill. This is 
done by contract, the marl being delivered to the mill for 5J cents per 
cubic yard. This price is about equivalent to $0,018 per barrel of 
cement /or marl alone. In this case the dredging-plant was bought and 
installed at the expense of the company, but the contractor pays all 
the current expense's, including pay, repairs, coal, etc. 

Plant /+. Marl dredged from lake one-third mile from mill by a 
dredge operating a lj-cubic yard orange-peed bucket. The marl is fed 
through a stone separator and then pumped to the mill em Harris system. 
Total cost is ubout as fedlows: 


2 men nt $1 50 $3 00 

3 men at $1 25 3 75 

2J tons coni at $2 40 6 00 

To Ud cost of marl for 500 barrels cement &12 75 

Coat of marl for 1 barrel cement 0 025 


Cost of Raw Materials at Mill. 

The most natural way, perhaps, to express the cost of the raw 
materials dedivered at the mill would be to state it as being so many 
cents per ton or cubic yard of raw material; and this is the method 
followed by quarrymen or miners in general. To the cement manufac- 
turer, however, such an estimate is not so suitable jis one based on the 
cost of raw materials per ton or barrel of finished cement. 

Loss on drying, etc. — In the case of hard and comparatively dry 
limestones or shales, it may be considered that the raw mixture loses 
33 $ per cent in weight on burning. Converting this relation into pounds 
of raw material and of clinker, we find that 000 pounds of dry raw mate- 
rial will make about 400 pounds of clinker. Allowing something for 
other losses in the process of manufacture, it is convenient and suf- 
ficiently accurate to estimate that 000 pounds of dry raw material will 
give one barrel of finished cement. These estimates must be increased if 
the raw materials carry any appreciable amount of water. Clays will 
frequently contain 15 per cent or more of water; while soft, chalky 
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limestones, if quarried during wet weather, may carry as high as 15 to 20 
per cent. A Port land-cement mixture composed of a pure chalky lime- 
stone and a clay might, therefore, average 10 to 20 per cent of water, and 
consequently about 700 jxmnds of such a mixture would be required 
to make one barrel of finished cement. 

With marls the loss on drying and burning is much greater. Russell 
states that according to determinations made by E. I). Campbell, 

1 cubic foot of marl as it usually occurs in the natural deposits contains 
about 47 i lbs. of lime carbonate and 48 lbs. of water. In making 
cement from a mixture of marl and clay, therefore, it would be necessary 
to figure on excavating and transporting over 1000 lbs. of raw material 
for every barrel of finished cement. 

From the preceding note's it will be understood that the* cost of raw 
materials at the mill per barrel of cement will vary not only with the 
cost of excavation, but with the kind of materials in use. 

Actual costs at mills.— In the first edition of this book it was noted 
(p. 378) that “ In dealing with hard, dry raw materials extracted from 
open quarries near the mills, the cost of raw materials may vary between 
8 cents and 15 cents per barrel of cement. The lower figure named is 
probably about the lowest attainable with good management and under 
favorable natural conditions; the higher figure is probably a maximum 
for fairly careful management of a difficult quarry under Eastern labor 
conditions.” 

Recalling that we are purjx>sely quoting costs on a 1900 1915 base 
level, that statement needs little revision; then' are examples of lower 
costs than 8 cents per barrel, but there are also examples of considerably 
higher costs than 15 cents, and this last class includes some very impor- 
tant mills. The following table gives details as to raw material costs 
at a number of mills, varying from moderate 1 to very large size, during 
the period 1913-1915. 

Tabu: 160. 

A(Ti \i, Costs of Raw Matkkials at Tmeu. Minx 



Limey Component 

Clay 

ey Compoi 

ent 

Total Paw Mix 

Mill 

Cost, 

Pounds 

C ost, 

Cost, 

Pou nils 

Cost, 

Pounds 

Cost, 


Cents 

Used 

Cents 

Cents 

I’sed 

Cents 

I seel 

Cents 



per 

per 

per 

per 

per 

per 

per 


Ton 

Barrel 

Barrel 

for. 

Barrel 

Barrel 

Barrel 

Bnrrel 

A 

23 32 

649 

7 57 




649 

7 57 

B 

39 84 

492 

9 80 

29 (X) 

114 

1 65 

606 

11 45 

C 

17 44 

494 

4 31 

23 33 

128 

1 49 

622 

5 80 

D 

67 35 

606 

20 41 

X 

X 

0 78 

626 

21 19 

E 

.54 55 

536 

14 62 

61 07 

89 

2 73 

625 

17 35 

F 

39 53 

428 

8 45 

27 96 

154 

2 16 

582 

10 61 



CHAPTER XXVII. 


CALCULATION AND CONTROL OF THE MIX 

If, aft in the present volume, we exclude from consideration the 
so-called “ natural Portlands ” (see page 214), Portland cement may he 
regarded as being entirely an artificial product, obtained by burning 
to semi-fusion an intimate mixture of pulverized materials, this mix- 
ture containing lime, silica, and alumina varying in proportion only 
within certain narrow limits, and by crushing finely the (“linker resulting 
from this burning. 

If this restricted definition of Portland cement be accepted, four 
points may be regarded as being of cardinal importance in its manu- 
facture. These are: 

1. The cement mixture must be of the proper chemical compo- 

sition. 

2. The materials of which it is composed must be carefully ground 

and intimately mixed before burning in order to insure that 
chemical combination shall take place after calcination. 

3. The burning must be conducted at the proper temperature, 

which varies considerably according to the chemical com- 
position of the mixture, and the length of time during 
which it is subjected to the burning process. 

4. After burning, the resulting clinker must be finely ground. 

In this and the succeeding chapters these points will be taken up 
separately and in some detail. 

The present chapter deals with the calculations and arrangements 
necessary for insuring the correctness of the cement mixture. It, there- 
fore, includes discussions of the theoretical and practical considerations 
which determine the proportions of the mixture. Among these con- 
siderations are the theoretical composition and constitution of Port- 
land cement; the influence of various normal constituents on the prop- 
erties of the mixture; the influence of fuel ash and other accidental 
impurities; and the methods of calculating and controlling the mix in 
actual practice. 
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Theoretical Composition of Portland Cement 

During recent years much attention has !>mi paid by various inves- 
tigators to the constitution of Portland cement. The chemical com- 
position of any particular sample can, of course, be readily determined 
by analysis, nnd by comparison of a number of such analyses, general 
statements can be framed as to the range in composition of good Port- 
land cements. This subject is discussed further in Chapter XXXVI, 
where a large number of analyses are presented. 

Chemical analyses will determine what ingredients are present, and 
in what {>ercentages, but other methods of investigation are necessary 
to ascertain in what manner these ingredients an* combined. A sum- 
mary of the more important practical results brought out by these 
investigations on the constitution of Portland cement will be given in the 
present chapter, while in Chapter XXXVI a more detailed discussion 
of the problem will be presented, as well as references to the principal 
papers on the subject. 

It would seem to be firmly established that in a well-burned Port- 
land cement much of the lime is combined with most of tin* silica 
to form the compound 3CaC(),Si().>,--tricalcio silicate. To this com- 
pound is ascribed, in largo measure, the hydraulic properties of the 
cement; and in general it may be said that the value of a Portland 
cement increases directly as the proportion of 3Ca(),Si(>2. The ideal 
Portland cement, toward which cements its actually made tend in compo- 
sition, would consist exclusively of triealeic silicate, and would be there- 
fore composed entirely of lime and silica in the following proportions: 

Lime* (CiiO) 73 6 

Silica (Si() 2 ) . 20 4 

Such an ideal cement, however, cannot be manufactured under 
present commercial conditions, for the heat required to clinker such a 
mixture cannot be attained in any working kiln. The oxyhydrogen 
blowpipe and the electrical furnace will give clinker of this composition; 
but a pure lime-silica Portland is not possible under present conditions 
as to burning and grinding on a commercial scale. 

In order to prepare Portland cement in actual practice, therefore, 
it is necessary that some other ingredient or ingredients should be pres- 
ent to serve as a flux in aiding the combination of the lime and silica, 
and such aid is afforded by the presence of alumina and iron oxide. 

Alumina (AI2O3) and iron oxide (Fe20^) when present in notice- 
able percentages serve to reduce the temperature at which combina- 
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lion of the lime and silica (to form 30a,Si02) takes place; and this 
elinkering temperature becomes further and further lowered as the 
percentages of alumina and iron are increased. The strength and value 
of the product, however, also decrease as the alumina and iron increase; 
so that in actual practice it is necessary to strike a balance between 
the advantage of low clinkering temperature and the disadvantage of 
weak cement, and to thus determine how much alumina and iron should 
be used in the mixture. This point will be further discussed on later 
pages. 

It is generally considered that whatever alumina is present in the 
cement is combined with part of the lime to form the compound 
3Ca(),Al2()'i — tricaleic aluminate. The occurrence of lower aluminates, 
however, is at least possible, and the condition of the iron — whether 
entirely as lime ferrite or in part as ferric silicate, is undetermined. 
These questions as to constitution are discussed in Chapter XXXVI. 
In the relatively small percentages in which iron occurs in Portland 
cement it may for convenience be considered as approximately equiva- 
lent to alumina in its action. 


Influence of Normal Constituents on the Cement. 

Lime, silica, alumina, iron oxide, magnesia, sulphur, and alkalies 
may be regarded as being normal constituents of any Portland-cement 
mixture. The three first named are necessary ingredients, while the 
last two, though undesirable, are rarely entirely absent from the raw 
materials used. The influence exerted by greater or lesser propor- 
tions of these seven constituents on the properties of both mixture 
and finished cement will be discussed in the present chapter. 

Maximum lime content of mixture.— On pages 3(10 307 New- 
berry’s method of proportioning cement mixtures will be described 
and exemplified. It should be borne in mind, however, that the New- 
berry formula there quoted will, if followed, give the maximum lime 
content that the mixture could bear, providing that the grinding, mixing, 
and calcination were performed with absolute perfection. As a matter 
of fact, however, the lime content of the mixture should never be car- 
ried quite 1 as high as the formula would indicate, for in actual practice 
the mixing, grinding, and calcination are never theoretically perfect, 
and in consequence of a perfect combination of all the lime with all 
the silica and alumina cannot be attained. There will always remain 
a certain amount of uncombined material. If, therefore, the lime in 
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the mixture is carried as high as is theoretically allowable, a certain 
amount of free lime will occur in the cement. If, on the other hand, 
the mixture carries less than its proper theoretical jx*rccntage of lime, 
the cement will, of course, contain some uncombined silica or alumina or 
very acid compounds. A choice must be made, therefore, between the 
possibilities yf having free lime in t he product and having low-limed com- 
pounds. This choice is simple, for the effects on the value of the cement 
of these two possibilities are very different. Free lime is jwisitively dan- 
gerous to the cement, while low lime comjxHinds are less harmful, their 
only effect being to lower the tensile strength of the product. For this 
reason, since in practice it is necessary to choose between the two con- 
tingencies (free lime vs. free silica and alumina), the lime content of the 
mixture is always carried lower than theoretical considerations 
demand. 

It is to be further noted in this connection that the lime content 
of Portland cements relatively high in silica may be carried higher 
than in the case of the more aluminous Portlands. In discussing the 
constitution of Portland cement in preceding paragraphs it was stated 
that though lime combines with both silica and alumina, the combin- 
ing proportions are very different in the two cases. With silica, lime 
forms the tricalcie silicate, whose percentage* composition is lime 73.6 
per cent, silica 26.4 per cent; the lime and silica an* therefore com- 
bined in the proportion of lime 2.8 to silica 1. With alumina and 
iron oxide the compounds formed by the lime are loss definitely estab- 
lished; but they seem to be on the whole less basic than the* typical lime- 
silica compound. It is evident, therefore*, that a mixture containing 
20 per cent silica and 5 per cent alumina can safely carry more* lime than 
one containing 15 per cent silica and 10 per cent alumina. 

Since the combination of lime, silica, and alumina becomes more 
thorough in proportion as the mixing, grinding, and burning are better 
done, higher lime contents can be carried by carefully prepared mixtures 
than by careless or coarsely ground mixtures; and in rotary-kiln plants 
lime may be carried higher than in those using dome kilns. 

Up to the limit of safety every increase in the percentage of lime 
in the mixture will cause, other things being equal, an increase in the 
strength of the cement. This fact is taken advantage of, particularly 
when a new brand is being placed on the market. The usual method 
of procedure at such a time is to carry the lime very high, burn very 
hard, and pulverize very fine. This makes a costly but high-testing 
cement. As soon as the brand has become well established, the lime 
content can be dropfxxl to reasonable working limits. 
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Minimum lime content of mixture. — The maximum lime content 
of the mixture is fixed by the considerations set forth in the preceding 
paragraphs. The minimum lime content, however, will also require 
some consideration. Low lime will invariably mean low-testing cements, 
and in the present state of the industry, low-testing cements are not 
easily marketed. A low-lime content is also the cause, in part, of the 
“ dusting ” of clinker in the vertical kiln. Le Chatelier found that the 
dicalcic silicate (2Ca0,Si02) possesses the property of spontaneously 
disintegrating on cooling. If the lime content of the mixture be carried 
too low, therefore, the clinker will fall to dust in the kiln, owing to the 
production of this unstable dicalcic silicate. 

Magnesia. — The question as to the percentage of magnesia allow- 
able in a Portland cement has given rise to serious controversy for 
many years. In Europe the tendency has been to keep it below 3 per 
cent; but in this country, largely because of (he results attained by 
Lehigh Valley cements above this limit, 4 or 5 per cent has been con- 
sidered the allowable maximum. All this discussion was carried on 
under the idea that magnesia was either inert or positively harmful in a 
Portland cement. 

Recent experiments by Prof. Newberry, however, have proven that 
an entirely satisfactory cement can be made carrying as high as 10 
per cent of magnesia, if due care be given to the mixing and burning. 
This might have been expected, both on theoretical grounds and because 
of the evidently active nature of magnesia in even the highest-burned 
natural cements, as pointed out on pages 206-207. At present it 
seems safe to say that magnesia can be considered equivalent to lime 
in its action, if due allowance be made for the difference in their com- 
bining weights. It is therefore theoretically possible to prepare a series 
of lime-magnesia Portlands, parallel to our present lime Portlands; 
and it is probable enough that in a few years some move will be made 
in this direction. But it must be borne in mind that a lime-magnesia 
Portland will probably differ in important respects from our present lime 
Portlands, and that it will therefore be inadvisable to group the two 
types of cement under the same general name. For this reason, in 
the present volume, the term Portland has been restricted by defini- 
tion to apply only to cements carrying less than 5 per cent of magnesia 
(MgO). 

Silica. — It is commonly considered that the ultimate strength of 
the cement depends in large part upon the amount of calcium trisilicate 
it contains. Within certain limits, therefore, any increase in the per- 
centage of silica in the mixture will increase the strength of the cement. 
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On the other hand, an increase in silica will usually imply a decrease 
in alumina and iron oxide, and this in turn will cause the cement to 
l>e slow-setting (which is an advantage), hut hard to clinker. 

Alumina. — To the calcium aluminate of a cement are ascribed the 
initial setting projx'rties. Decrease in the alumina, therefore, tends to 
make the cement slower setting, while high alumina affects it in the 
opposite w r ay. Though it is advisable to carry the alumina jus low as 
possible, so as to secure slowness of sot and greater ultimate strength, 
it is impossible to carry it below a certain minimum, for alumina aids 
greatly in securing a low elinkering temperature, and a cement very 
low in alumina will clinker only with great difficulty. Too much alumina, 
on the other hand, will give a very fusible and sticky clinker, liable to 
ball in the kiln. 

Le Chatelier considers that the aluminous compounds present in 
Portland cement are the direct cause of its destruction by sou-water. 
His theory to account for this disintegration is as follows: Free lime, 
liberated during the hardening of the cement, reacts with the mag- 
nesium sulphate always present in sea-water, to form calcium sulphate. 
This in turn reacts with the calcium aluminate of the cement to form 
a sulphaluminate of lime, which swells considerably on hydration and 
thus disintegrates the cement mass. Tin* extent of the disintegration 
varies directly with the percentage of alumina present in the cement,. 
Dements containing 1 or 2 per cent of alumina an*, for example, prac- 
tically unaffected by sea-water, while in cements containing as high 
as 7 or 8 per cent of alumina the swelling and consequent disintegration 
are very rapid. 

If the alumina of a cement be replaced by an oxide not reacting 
with calcium sulphate, the stability of the cement in sea-water is greatly 
improved. Le ('hatcher has demonstrated this by preparing cements 
in which the alumina was replaced by oxides of iron, chromium, cobalt, 
etc. All of these were more resistant than an alumina cement to the 
disintegrating effect of lime sulphate. r J he best effects were obtained 
when iron oxide w^as used, a cement corresponding in composition to 
5 Si 02 ,Fe 203 , 17 Ca 0 being found to be not only stable in presence of 
sea-w'ater but to possess excellent mechanical properties. 

DevaPs researches * on the effect of direct addition of calcium sul- 
phate to various cements confirm the above theory. Each of the finely 
ground cements tested was completely hydrated by mixing with 50 
per cent of w r ater and storing the mixture under water for three months 
out of contact with carbon dioxide. The mass was then dried, reground, 
* Abstract in Jour Roc Chem Industry, vol 21, pp 971-072 
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mixed with half its weight of calcium sulphate and 33 per cent of water, 
and made up into rods which were kept moist and protected from car- 
bon dioxide by storage on moistened filter-paper under a glass bell. 
At the end of three weeks the increase in length of the rods was measured 
with the following results: 


Table 167. 
Effect of Alumina 


Typo of Cement 

IVr Ont 
of Alumina 
in CYmont 

IVr Ont of 
Elongation 
of the Rods 

Slap; cement (Vitry) 

15 5 

27 

“ “ (Ohampignolles) 

14 5 

10 

Grappicr cement (Bowses) 

7 5 

14 

Portland cement 

<> 2 

12 

Hydraulic lime (Bosses) 

4 7 

4 


It will be noted that the percentage of elongation of the rods varied 
directly with the percentage of alumina in the cements tested, proving 
conclusively that the swelling was due to the action of the calcium sulp- 
alurninato formed during the operation. 

Iron oxide. — Iron oxide, though usually so low as to be negligible 
in a Portland cement, occasionally is present in considerable percent- 
ages (4 to 6 per cent). When this is the case, it can only be con- 
sidered as equivalent to alumina in its action, allowing, of course, for 
their difference in combining weights. This conclusion is borne out 
by the fact that Portland cements practically free from alumina have 
been made, containing lime, silica, and iron oxide only. 

Sulphur. — Sulphur, when present in a cement mixture, may occur 
either as a sulphide or sulphate. In the former condition it is usually 
due to the occurrence of pyrite (iron disulphide, FeSa) either in the lime- 
stone, or in the clay. When present as a sulphate, it is usually in the 
form of gypsum (hydrous calcium sulphate, CaS 4 + 2 H 20 ). 

In the rotary kiln, which usually has an abundantly oxidizing flame, 
it is probable that any calcium sulphate present is dissociated (CaS 04 
*CaO+SOa) and the sulphur trioxide carried off, as this dissociation 
occurs at a temperature much lower than that reached in clinkering. 
If the flame is not sufficiently oxidizing, however, and because of imper- 
fect draft this condition is likely to occur in vertical kilns, any lime 
sulphate present will be reduced to the sulphide form. 

Alkalies. — Small percentages of soda and potash are usually present 
in the mixture, due mostly to their presence in the clay or shale. Alka- 
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lips have boon regarded as detrimental, as inert, and as beneficial; and 
much discussion has taken place on the subject, based mostly on purely 
theoretical considerations. 

In experimenting with various methods for analyzing Portland 
cement, Hillebrand encountered the question of loss of alkalies during 
burning, which he discusses * as follows: 

“ Long before the last of the sulphur trioxide is expelled alkali begins 
to volatilize, and it is easy to remove all or nearly all in this manner. 
The alkali is volatilized as oxide and may be collected in quantity on 
the under side of the crucible lid. At the intense temperature of the 
rotary-kiln furnace this action must play an important part, and to it is 
to be attributed the great loss of alkali noted by me in the cement of 
1901, as compared with the raw mix from which it was made, an obser- 
vation which is repeated in the present case and must be general in 
cement -burning.’ ’ 

Phosphorus. — Phosphorus, combined with lime in the form of lime 
phosphate, frequently occurs in notable percentages in limestones, par- 
ticularly in the soft, chalky limestones and “marls” of the Southern 
States. In analyses this will be reported as phosphoric acid or phos- 
phorus pentoxide (P 2 O 5 ), when it is determined at all. hew com- 
mercial analysts, however, would look for it in a cement material and 
it is therefore rarely reported. 

Late in 1903 samples of a “ marl ” and clay from a Southern State 
were sent to a leading testing laboratory to obtain a decision on their 
value as cement materials. Three different burnings of cement were 
made from the raw materials in various mixtures, and the resulting 
cements gave the test shown in Table 169, below. In addition to these 
generally poor results the chemists reported that the cement, for a 
week or so after setting, was so soft that it could be readily rubbed 
off by the hand. The various defects in the cements were ascribed 
by the laboratory experts to the presence in the marls of notable per- 
centages of phosphoric acid. The matter was referred to me by the 
Southern company, and at my request Prof. Clifford Richardson exam- 
ined microscopically several thin sections of the clinker which had 
been made in the laboratory tests. He reported that the raw mix had 
been very coarsely ground and the clinker underburned. 

The raw materials, as analyzed at the laboratory, showed the results 
given in Table 168. Two samples of marl were tested and one of clay. 

Of the three samples of cement made up from these materials and 
tested as below (Table 169), Cements A and B were made by mixing 
* Joum Amor Chem iSoc , vol 25, p 1200 1903 
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Marl 1 and clay in different proportions, while Cement C was made 
from a mixture of Marl 2 and the same clay. 


Table 108. 

Analyses of Raw Matkkialh Containi.no Phosphoric Acid 



Marl 1 

Marl 2 

Clay 

Silica (SiOj) 

9 02 

9 99 

38 96 

Alumina (A I/),,) 

3 88* 

2 05 

22 60 

Iron oxide (Fe 3 ( ) 3 ) 

1 10 

1 20 

5 82 

Lime (CaO) 

45 78 

45 82 

16 44 

Magnesia (MgO) 

0 75 

0 80 

0 32 

Volatile (C0 2 , etc ) 

Phosphorus pentoxide (P 2 () f ) 

38 87 

37 99 

1 23 

16 02 


* Including about 1 per cent PjOs 


Table 109. 

Tests ok Cements Containino Phosphoric Acid 


Composition: Silica (Si() 2 ) 

Alumina (A Mb) 

Iron oxide (Fc/) 3 ) 

Lime, (CnO) 

Magnesia (MgO) 

Phosphorus pentoxule ( P,( ),,) 


Per cent plaster added 


Fineness: Passing f)0-inesli sieve 
“ 1(K). “ 

“ 200 - “ 


Setting time: initial 
final 


Tensile strength: neat, 1 day 
‘ ‘ 7 days 

“ 28 “ 
1:3, 7 “ . 
“ 28 “ 


( Vnu’iit 

( Vmont B 

OlIMMit C’ 

22 20 

21 87 

21 26 

10 23 f 

6 84 

7 97 

2 M 

2 60 

3 22 

63 83 

(it 85 

,58 74 

l 11 

1 30 

1 21 

See AW, 

2 50 

3 82 

iy/ 0 

2% 

nvc 

KM) 0 

KM) 0 

100 0 

96 3 

98 8 

94 0 

76 0 

80 0 

71 0 

1 hr 10 min 

1 hr 25 mm 

12 min 

f> hrs 0 mm 

7 hrs 10mm 

18 inm 

56 lbs 

49 lbs 

173 lbs 

510 “ 

531 “ 

213 “ 

7.54 “ 

7.54 “ 

340 “ 

ISO “ 

166 “ 

72 “ 

327 ‘ ‘ 

280 “ 

80 “ 


t Including about 2 per cent lML 

Influence of intentionally added fluxes. — At a number of plants 
working on materials or mixtures which are naturally difficult to fuse, 
experiments have been made on the reduction of the clinkering tem- 
perature by the addition of fluxing materials. Experiments of this 
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kind are usually taken up in the early stages of the manufacturer’s experi- 
ence. They rarely outlast the first year of actual practice, because 
he then begins to realize that it is difficult enough to secure a homo- 
geneous and uniform mixture of two ingredients without going to the 
extra trouble of adding a third material. Occasionally, however, the 
fluxing mania persists, and in a few rare crises it may be entirely justi- 
fiable. Coal ash, for example, is often useful. 

Fluorspar, sodium carbonate, and other alkali salts are the favorite 
materials for use as fluxes. It is certainly true that the addition of 
a very small percentage of some of those salts will decrease materially 
the difficulty of elinkering a cement mixture. Any other effect, they 
may have on the cement, however, is either negatively or ]x>si lively 
harmful; and in all cases their use can be avoided and equally good 
burning results obtained by a slightly increased fineness of grinding 
of the raw materials. 

The direct addition of iron oxide as a flux, a practice which is followed 
by several American and French plants, is somewhat different from the 
use of fluorspar or alkalies. The iron oxide decreases the elinkering 
temperature very materially and gives a slower setting product than 
would an equal percentage of alumina. Adding it separately to the 
mixture is, however, a difficult matter to arrange. The more natural 
course to pursue would be to look for another source of clay supply, 
attempting to find a clay sufficiently high in iron to obviate the necessity 
for adding iron oxide separately. 


Calculating Mixtures of Untried Materials. 

When absolutely untried raw materials are being tested for the 
first time, the experimental mixture must be solely on the basis of their 
analyses, as developed in the* formula given below or in some similar 
device. After the plant has once started, more empirical methods of 
calculating the mix arc used, as set forth in a later section (pp. 
368-370). 

Cementation Index. — Recalling the discussion on page 1 359 of the 
theoretical constitution of Portland cement, it is evident, that the ideal 
cement (and therefore the cement mixture) should contain its various 
ingredients in such percentages that all of the lime present can com- 
bine with all the silica, alumina and iron in practice. These condi- 
tions are satisfied if the formula below, called for convenience the 
Cementation Index, gives a value of unity. In this formula the chem- 
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ical equivalents above noted have been changed into percentages. The 
Index is empirical, but useful. 

(2.8 X percentage silica (Si02))-f(l. IX percentage alumina, AI 2 O 3 ) 

+ (.7 X percentage iron oxide, F02O3) 

(Percentage lime, CaO)-f(l .4 X percentage magnesia, MgO) 

When the value given by this formula falls below 1.0 the cement 
must necessarily contain free lime or free magnesia; when it rises 
above 1.0, the cement must necessarily be lower in lime than is theo- 
retically possible. The aim of the manufacturer, therefore, is to get 
a cement whose Cementation Index is on the safe side (i.e., over 1.0), 
but not too much so. 

Use of the formula in proportioning mixtures. — The use of a similar 
formula in calculating mixtures to be made from untried materials has 
been well described by Prof. Newberry. The discussion here presented 
differs from his only in the fact that the magnesia and iron are allowed 
for, a correction which now seems necessary. 

Following this rule, the various steps in the proportioning of a cement 
mixture are given below in sufficient detail to be readily followed. 

Operation 1. Multiply the percentage of silica in the clayey 
material by 2.8, the percentage of alumina by 1.1, and the percentage 
of iron oxide by 0.7; add the products; subtract from the sum thus 
obtained the percentage of lime oxide in the clayey material plus 1.4 
times the percentage of magnesia and call the result n. 

Operation 2. Multiply the percentage of silica in the calcareous 
material by 2.8, the percentage of alumina by 1.1, and the percentage 
of iron oxide by 0.7; add the products and subtract the sum from the 
percentage of lime oxide plus 1.4 times the percentage of magnesia 
in the calcareous material, calling the result m. 


Operation 3. Divide n by m. The quotient will he the number of 
parts of calcareous material required for one part of clayey material. 


Example. Assuming that materials of the 
are in use the operation would be as follows: 

following composition 

Cla\ Li meat one 

Silica (Si() 3 ) 

62 2 

2 4 

Alumina (AMV 

16 1 

2 0 

Iron oxide (FcjOj) . . 

4 2 

0 3 

Lime (CaO) 

1 6 

50 2 

Magnesia (MgO) 

1 2 

1 5 

Sulphur trioxide (S0 3 ) 

1 7 

0 6 

Alkolies (K 2 0,Na 3 0) 

0 8 

0 4 

Water, carbon dioxide, etc 

12 2 

42 6 
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Operation (1). ('lay. 

Silica X2 8 = 62 2X2 8 = 17f 16 

Alumina XI 1 = 16 1X1 1= 17 71 

Iron oxide XO 7= 4 2X0 7= 2 04 

101 SI 

Lime XI 0= 1 6X1 0= 16 

Magnesia X 1 4 = 1 2X 1 1 = 1 68 

3 28 

104 81-3 28 = 101 53 = a 


Operation (2). Limestone. 

Silica X2 8= 2 1X2 8= 6 72 

Alumina X 1 1 = 2 OX 1 1 = 2 20 

Inin oxide X0 7= 0 3X0 7= 0 21 

0 13 

Lime XI 0=50 2X1 0= 50 2 

Magnesia XI 4= 1 5X1 1= 2 10 

52 30 

52 30-9 13=43 17 =m 


Operation (3). 


43 17 =1 “ >0 = i )ar,s limestone to be used for each part of clay, by weight, 


It must be recollected that the value given by the above formula 
represents the highest amount of lime theoretically possible under 
the best possible conditions of fine grinding and thorough burning. 
Even in the best-run plants these conditions cannot be attained in 
practice, and in a trial run either in a test kiln or in an actual plant 
it is foolish to attempt to reach this limit. The limestone shown by 
the formula should therefore be reduced in order to get safe results. 
A reduction of 10 per cent will probably be satisfactory. In the exam- 
ple given above this would work out as follows: 

4.2 = parts limestone (to 1 of clay) allowed by formula 

0.42 = 10 per cent reduction for safety 

3.78 = parts limestone (to 1 of clay) to be actually used. 
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Calculating Mixtures in Current Work. 

After a plant has once gotten into good working order, and as long 
as the same raw materials arc in use, the calculation of the mix becomes 
a much simpler affair. Two general methods are in use: 

At most plants the percentage of carbonates in the mix is made 
the criterion. If good results have been attained with mixtures carry- 
ing 78 to 80 per cent total carbonates (CaCO.-j+MgCOs), the aim of 
the chemist is simply to keep the mix within these limits. The calcu- 
lation in this case is simply a matter of arithmetic which does not 
require explanation. The other method is to keep a fixed ratio between 
the total insoluble matter and the total carbonates. This ratio will 
naturally be different at each plant, but will always be fairly constant 
at any one plant. 

In a well-known and admirably managed marl-plant the marl is 
analyzed after being pumped into tanks at the mills, and the clay on 
its arrival at the mill. Four determinations are made on each sample 
of marl and throe on the clay. These are: 


Marl. 1. Percentage of water; 

2. Weight per cubic foot; 

3. Percentage of insoluble matter; 

4. Percentage of carbonates. 

("lay. 1. Percentage of water; 

2. Percentage of insoluble matter; 

3. Percentage of carbonates. 


From these determinations the mix is proportioned in such a way 
that the ratio 


( 'arbonates 


Insoluble matter 


shall fall within certain numerical limits. At the plant in question, 
which runs a high-testing cement which is also very high in silica, the 
above formula is made to give a value of 4.2. In the majority of plants 
it would fall about 3.0 to 3.4. 

Composition of mixture. — The cement mixture ready for burning 
will commonly contain from 74 to 77.5 per cent of lime carbonate, or 
an equivalent proportion of lime oxide. Several analyses of actual 
cement mixtures are given in the following table. The ratio of silica 
to alumina plus iron for ordinary purposes should be about 3:1, for the 
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cement becomes quicker setting and lower in ultimate strength as the 
percentage of alumina increases. If the alumina percentage be carried 
too high, moreover, the mixture will give a fusible, sticky clinker when 
burned, causing trouble in the kilns. 


Tahlk 170. 


Composition of Actc\l Mixes 


Silica (Si() 2 ) 

Alumina (AljOj) 

Iron oxulc (FeAb) 
Lime (CaO) 

Magnesia (MgO) 
Carbon dioxide (C() 2 ) 
Water 


Silica (SiOd 
Alumina (ALOj) 

Iron oxide (FeA)s) 
Lime (CaO) 

Magnesia (MgO) 
Carlxm dioxide (COff 
Water . . 


14 77 

12 85 ; 

15 

18 i 

! 118 

13 52 

i) 4:!5 { 

4 1)2 i 

1 21 

f 11 

42 

8 2 

0 50 

1 43 03 

42 70 

42 

1)7 

1 41 8 

42 07 

1 74 

1 02 

n < 

il 

0 8 

2 07 

3/5 01 

34 71 j 

n i 

(1 

i n <1 

35 31 

j n (I 

n <i I 

| 

n < 

tl 

n (i 

n (1 

1 

13 40 1 

13 85 

12 

02 

14 1)4 

12 1)2 

n <1 1 
n (1 / 

7 20 

0 

00 

1 2 00 

; 1 10 

4 83 

1 77 

41 25 

11 10 

42 

20 

12 34 

42 30 

n (1 

n (1 

*> 

07 

2 21 

2 08 

1.34 80 

30 42 

| 30 

10 

35 08 

35 41) 

J 

1 


1 n < 

(1 

u <1 



ii <1 


Methods of control. — The chemist having determined the standard 
of composition which he wishes to maintain in the mix, several different 
methods of maintaining this standard are j)ossiblo. Theoretically, of 
course, the best of these methods is: 

(1) Both raw materials are analyzed as they arrive at the mill; 
the mix is made according to these analyses; after grinding the mix 
is analyzed as a check, and if seriously incorrect is corrected by the 
addition of the necessary ingredients. This method is actually prac- 
ticed at some plants, but in general one or the other of its two elements 
is gradually dropped out, so that most plants approach one of the two 
following extremes in practice. 

(2) The raw materials are analyzed, either by borings in the quarry 
or by an arrival at the mill, and the mix made in accordance with these 
analyses. The mix may be analyzed occasionally as a check, but no 
serious attempt is made to correct it. In this method the entire reli- 
ance is placed on the analyses of the raw materials. With hard, dry, 
raw materials varying little in composition the plan works well. In 
dealing with marls, etc., the third plan is most used. 

(3) The raw materials are mixed without analysis in approximately 
correct proportions, according to previous experience, and the ground 



370 


CEMENTS, LIMES, AND PLASTERS. 


mix is analyzed and brought up to proper composition (standardized) by 
the addition of whichever raw material proves to be deficient. In this 
method the correction of the mix is a regular part of the procedure. For 
convenience the mix is usually made always a little low in the same con- 
stituent, so that only one tank or bin of raw material needs to be kept on 
hand for standardizing. 

It is this possibility of correcting a mix in advance of burning, and 
without interrupting the normal operation of the mill that gives the wet 
process its most important advantage. Comparison of long series of 
results at a very large number of mills, both American and foreign, 
leaves little doubt on this one point; that the wet process mills do in 
current practice run more evenly from day to day, so far as the regu- 
larity in composition of their mix and cement arc concerned. 

Changes in Composition During Manufacture. 

In theory the cement produced should correspond in composition 
to the mixture from which it is made. In practice it is found that in 
addition to the expected loss of water, carbon dioxide, and other vola- 
tile components, the cement has suffered other changes which prevent 
it from having the exact composition calculated from the mixture. 
During the process of burning, the clinker has taken up a certain amount 
of material from the fuel ashes, the kiln linings, or the gases produced 
in the kiln. The changes in composition thus caused will be briefly 
discussed. 

The change in composition during burning is almost inevitably 
in the direction of raising the Cementation Index of the cement, i.e., 
making it more clayey. This is due to the fact that the impurities 
picked up during burning are all of a clayey character, the kiln linings 
and the fuel ash being predominantly composed of silica and alumina. 
To partly counterbalance these additions of clayey matter, it is prob- 
able that the dust blown out of the kiln is more clayey than the rest 
of the mix; but this is not sufficient in amount to avail much against 
the combined influence of the fuel ash and the kiln lining. Of the two 
factors the fuel ash is by far the most important, because the kiln bricks 
are pretty steadily covered by a skin of clinker. 

The variation in composition of the ash derived from certain types 
of fuel is shown by the following analyses made by Candlot,* but more 
typical analyses of normal coal ash are on page 455. 

* Bonnami Fabrication et Controle des Chaux Hydrauliques et des Cimenta, 
p. 58. 
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Table 171. 

Analvsks of Fi kl Ash 



('nmpoMtlon 

<>f \*li from 


1 \nthnuitc 

(ittt ('ok? 

Sioj 

40 10 

29 30 

Al,()j 

42 SO 

; 19 63 

FejO, 

4 70 j 

It 04 

Cat) 

S 10 

*10 64 

MgO 

0 90 

2 70 

SO, 

1 23 

13 72 


The differences between the calculated and actual compositions of 
a cement are well illustrated by the example given below. In this case 
a marl and clay of determined composition wore mixed in a known ratio. 
The composition which a cement made from this mixture should show 
was calculated and is given in column 3, while the composition of the 
cement actually resulting is given in column 4. For these data the 
writer is indebted to Prof. S. B. Newberry, who carried out the test 
in question. 


Table 172. 

i\ Composition I)i kino Hi hni.no 



j Haw M 

itr-rmlH 

!• miihIkmI 

t 


Marl 

Clii> 

(’alculuCfd 

Actual 

Silica (Si() 2 ) 

1 16 

57 OH 

22 20 

22 42 

Alumina (AljOs) 

0 75 

10 01 

5 02 

5 68 

Iron oxide (Fe 2 () 3 ) 

0 75 

5 37 

2 85 

3 22 

Lime (CaO) 

; 49 44 

8 32 

j 65 79 

62 24 

Magnesia (MgO) 

I 2 (M 

5 22 

1 4 00 

3 22 

Loss (H 2 0,CO : , etc ) 

46 40 

14 00 

n d 

n d. 

Cementation Index 

; 

i 

l 

0 974 

1 068 


This point is also illustrated by the following analyses of raw mix 
and cement from the Syracuse plant, analyzed by Hillebrand.* 


Jour Amer Chera Soc , vol 25, p 1186 1903. 
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Table 173 . 


Cement Mixture and Cement, Sandusky 



Mix 

Omi-nt 

Silica (Si0 2 ) 

13 51 

21 93 

Alumina (AI 2 0 3 ) 

3 32 

5 08 

Titanic oxide (Ti() 2 ) 

0 IK 

0 31 

Iron oxide (Fc 2 Oj) 

1 43 

2 35 

Lime (CaO) 

40 84 

02 92 

Magnesia (MgO) 

0 75 

1 10 

Potash (K 2 0) 

0 79 

0 01 

Soda (Na 2 0) 

0 22 

0 29 

Sulphur (S) 

0 10 

0 09 

Sulphur trioxide (SO,) 

1 43 

1 53 

Carbon dioxide (C() 2 ) 

n d 

1 73 

Water 

4 20 

1 40 

('ementation Index 

1 014 

1 075 


It will bo soon that in both theso experiments the Cementation Index 
of the eement has boon raised considerably by the amount of silica and 
alumina taken up during calcination. 



• CHAPTER XXVIII. 

PREPARING THE MIMl’KK FOR THE KILN 

The preparation of the raw materials for burning involves the 
reduction of both ingredients to a very fine powder and their intimate 
mixture in proper proportions. In practice' the two operations —grind- 
ing and mixing — are usually carried on to some extent simultaneously; 
the raw materials are commonly crushed and ground more or loss finely 
and then well mixed, during and after which mixing the final reduction 
to powder takes place. 

Two general methods of preparation for the kiln are in use at differ- 
ent plants —the dry and the wet, the dry method being almost invariably 
followed unless the limey constituent of the mixture is a marl already 
full of water. This dry method consists merely in keeping the mate- 
rials in as dry a condition as possible throughout the entire process of 
grinding and mixing, any small percentage* of moisture they may nat- 
urally contain being removed by driers early in the process. In the 
wet method, on the other hand, the materials are powdered and mixed 
while in a very fluid state, containing usually T r > per cent or so of 
water. 

In addition to these two main methods noted, it will be necessary 
to describe separately and briefly certain peculiar modifications of the 
dry method. Some of these modifications are practiced when slag is 
used as one of the raw materials, certain changes in the process being 
introduced which are of both technologic and commercial interest. 
The other modification of the dry process is an interesting type in which 
the materials are actually fused in a furnace. This requires descrip- 
tion because of the eminence of the engineers who have devised it, 
and because of its possible future importance. 

Certain features in regard to crushing and grinding are common 
to all methods of preparing the mix, and these general principles and 
features together with notes on power employed in plants and on 
crushing machinery in general will be described in Chapter XXIX. 

In the present chapter the various methods of preparation will be 
taken up in the following order. 
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(1) Normal dry methods; 

(2) Methods with slag-limestone mixtures; 

(3) Blast-furnace methods; 

(4) Wet methods. 

(1) Dry Methods of Preparation. 

In dry methods of preparation the raw materials are almost always 
dried to remove any natural moisture they may contain. This drying 
may take place entirely before the grinding has commenced; or, as 
is more usual, the two raw materials are first crushed and partly reduced 
separately, then dried, and finally mixed and pulverized. For con- 
venience, however, the subject of drying will be taken up first. 

Drying the raw materials— With the exception of the marls and 
clays used in the wet method of manufacture, Portland-cement mate- 
rials are usually dried before the grinding is commenced. This is 
necessary because the raw materials as they come from the quarry, 
pit, or mine will almost invariably cany appreciable, though often 
very small, percentages of water, which greatly reduces the efficiency 
of most modem type of grinding-mills and tends to clog the discharge 
screens. 

Percentage of water in raw materials . — The percentage of water thus 
carried by the crude raw material will depend largely on the character 
of the material, partly on the method of handling and storing it, and 
partly on weather conditions. 

In the case of hard limestones freshly quarried, the water will com- 
monly range from J per cent to 3 per cent, rarely reaching or exceeding 
the higher figure except in the very wet quarries or during a rainy sea- 
son. Such limestones, comparatively dry when quarried, are frequently 
sent to the grinding-mills without artificial drying. 

With the soft, chalky limestones, which absorb water very rapidly, 
the percentage can usually be kept down to 5 per cent or less in dry 
weather, while prolonged wet weather may necessitate the handling 
at the mill of material carrying as high as 15 to 20 per cent of water. 

The clays present a much more complicated case. In addition to 
the hygroscopic or mechanically held water that they may contain, 
there is also always present a certain percentage of chemically com- 
bined water. The amount of hydroscopic water present will depend 
on the treatment and exposure of the clay, and may vary from 1 per 
cent or so in clays which have been stored and air-dried to as high as 
30 per cent in fresh clays. The chemically combined water will depend 
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largely on the composition of the clay, and may vary from 5 to 12 per 
cent. The hydroscopic or mechanically held water of clays can be 
driven off at a temperature of 212° 1<\, while the chemically combined 
water is last only at a low red heat. The total water, therefore, to be 
driven off from clays may range from 6 to 42 j>er cent, depending on 
the weather, the drainage of the clay -pit, and the care taken in pre- 
venting unnecessary' exposure to moisture of the excavated clay. The 
average total amount of moisture will probably be about 15 per cent. 

In dealing with shales, the mechanically held water will rarely rise 
about 10 per cent, and can commonly be kept well below that limit. 
An additional 2 to 7 per cent of water will be carried by any shale in a 
state of chemical combination. 

At a few plants marl is used with clay in a dry process. As noted 
elsewhere the marls jus excavated carry' usually about 50 {>or cent of 
water. Marl presents a more difficult problem than do the other raw 
materials, because the vegetable matter usually present in marls is 
extremely retentive of water. 

It will be seen, therefore, that cement materials may carry from 
1 per cent to 50 per cent of water when they reach the mill. The aver- 
age throughout the country would probably fall close to 5 per cent 
if the marls are excluded. In a dry process it. is necessary to remove 
practically all of this water before commencing the grinding of the 
materials. One reason for this is that fine pulverizing cannot be eco- 
nomically or satisfactorily accomplished unless absolutely dry material 
is fed to the grinding machinery. Another reason, which is one of con- 
venience rather than of necessity, is that the presence of water in the 
raw materials complicates the control of the cement mixture. 

Methods and costs of drying . — The type of dryer used at most cement- 
plants is a cylinder approximately 5 feet in diameter and 40 feet or so 
in length, set at a slight inclination to the horizontal and rotating on 
bearings. The wet raw material is fed in at the upper end of the cylinder, 
and it moves gradually toward the lower end, under the influence of 
gravity, as the cylinder revolves. In many dryers angle irons are bolted 
to the interior in such a way as to lift and drop the raw material alter- 
nately, thus exposing it more completely to the action of the heated 
gases and materially assisting in the drying process. The dried raw 
material falls from the lower end of the cylinder into an elevator boot 
and is then carried to the grinding-mills. 

The drying-cylinder is heated either by a separate furnace or by 
waste gases from the cement-kilns. In either case the products of 
combustion are introduced into the cylinder at its lower end, are drawn 
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through it, and escape up a stack set at the upper end of the 
dryer. 

The dryer above described is the simplest and is most commonly 
used. For handling the small percentages of water contained in most 
cement materials it is very efficient, but for dealing with high percent- 
ages of water, such as are encountered when marl is to be used in a dry 
process, it seems probable that double-heating dryers will be found 
more economical. 

This type is exemplified by the Ruggles-Ooles dryer, a detailed 
description of which is given in the section on slag cements, page 593. 
In this dryer a double cylinder is employed. The wet raw material 
is fed into the space between the inner and outer cylinders, while the 
heated gases pass first through the inner cylinder and then, in a reverse 
direction, through the space between the inner and outer cylinders. 
This double-heating type of dryer is employed in almost all of the slag- 
cement plants in the United States, and is also in use in several Port- 
land-cement plants. 

When vertical kilns were in use, drying-floors and drying-tunnels 
were extensively used, but at present they can be found only in a few 
plants, being everywhere else supplanted by the rotary dryers. 

At a marl-plant of the* ill-fated Hecla Portland Cement Company, 
which is shown in Fig. 82, rotary kilns wore actually used jus driers, 
because of the extreme difficulty encountered in properly drying this 
material in a drier of ordinary typo. 

In the Edison plant a stationary vertical tower drier is used for 
the cement rock and limestone. 

The Edison stack drier shown in Fig. 83 is described as follows 
in a recent article * in the Iron Aye: The chimney surmounting this 
flue is used only when starting a fire, the gases of combustion ordi- 
narily passing directly to the dryer stack to rise through the falling 
stream of rock and thoroughly dry it. The baffle-plate system is such 
that the fall of a piece of rock from the lowest screen to the bottom 
of the dryer requires 26 seconds. From above the baffles near the 
top of the stack the gases are drawn out by an 80-inch exhaust-fan, 
driven by a 50-horse-power motor, and are passed through a dust- 
settling chamber on their way to the atmosphere. A 12-inch screw 
conveyor returns the collected dust to the bottom of the dryer stack and 
replaces it in the system. The baffle-plates of the upper sections of the 
stack are arranged to slide longitudinally in their slots, reciprocating 
motion being provided by a motor-driven system of rocker arms sliding 
♦ The Iron Age, Dec 24, 1903, p. 5. 
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successive rows of plates in opposite direc- 
tions at the rate of 20 cycles per minute. 
By this action clogging of possibly damp 
rock is prevented until it has fallen far 
enough to be dried sufficiently to have no 
such tendency. The shear r pin principle, 
used at this plant for driving the crushing 
rolls, is also applied in a modified form to 
the baffle-shakers. The rock-dryer is 8X8 
feet in plan section, 40 feet high, and has 
a capacity of 3000 tons per day, the same 
as the crusher plant. The performance of 
the dryer stack is very efficient; the fuel 
consumption is small, the percentage of 
moisture in the crushed rock is reduced from 
3 or 4 per cent to within 1 per cent, and the 
gases leave at a temperature scarcely above 
212°. A blower equipment is provided for 
increasing the furnace draft when necessary. 

The cost of drying raw materials will 
depend on the cost of fuels, the percentage 
of water present in the wet material, and 
the efficiency of the dryer. Dryers are 
usually arranged and located so as to re- 
quire little attention, and the labor costs of 
drying are therefore slight. Even under 
the most unfavorable conditions 5 lbs. of 
water can be expected to be evaporated for 
each pound of coal used, while a good dryer 
will usually evaporate 7 or 8 lbs. of water 
per pound of coal. Marls containing much 
organic matter are notably more retentive 
of moisture than any other raw material, 
and a marl-drying proposition is therefore 
apt to be expensive. For a full descrip- 
tion of a most elaborate and unsuccessful 
installation for marl-drying, reference should 
be made to the paper cited below.* 


Fig. 83— Elevation of stack * Plant and buildings of the Hecla Portland 
drier, Edison plant. (En- Cement and Coal Co. Engineering News, vol. 51, 
gineering News ) pp. 243-245. 1904. 
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General methods. — Usually the limestone or cement rock is passed 
through a crusher at the quarry or mill before being sent to the dryer; 
and occasionally one or both of the raw materials is still further reduced 
before grinding, but the principal part of the grinding process always 
takes place after the material has been dried. 

After drying, the two raw materials may either be mixed imme- 
diately or each may be separately reduced before mixing. Automatic 
mixers, of which many slightly different types are in use, give a mix- 
ture in the proportions determined upon by the chemist. 

The further reduction of the mixture is usually carried on in two 
stages, the material being ground to from 20 to 40 mesh or even finer 
in a ball mill or a high-speed mill (driffin, Fuller-Lehigh, Alaxecon, 
Huntingdon, etc.); and finished in a tube-mill. At a few plants, how- 
ever, single-stage reduction is still practiced with more or less success. 

As between the different combinations of grinding and pulverizing 
machinery that are in actual use, there is relatively little choice as to 
costs of operation, power consumed, etc. This is indicated clearly 
enough, if there were any doubt, by the diverse practices of the largest 
companies. The matter is further referred to in the following chapter. 

Plans of actual plants. — Plans of several actual plants have been 
inserted for the purpose of illustrating the brief statement made above. 

The plant of the Lawrence Cement Company, of Siegfried, Pa., 
published by courtesy of Messrs. Lathbury and Spackman, is given 
in Fig. 84. The materials used here arc cement rock and limestone. 
These are separately crushed in Cates crushers and dried in rotary 
driers, after which they are mixed and reduced in Williams mills and 
tube mills. 

The plant of the Hudson P. C. Co., a typical modern dry-process 
plant, is shown in Fig. 85, reproduced by courtesy of Engineering News. 
In the article * accompanying this figure, the raw side of the mill is 
described as follows: 

“ Following the course of the material step by step, it will be seen 
that the loaded cars from the quarry come into the mill at the east 
end at an elevation of 12 feet above the crusher-room floor, which is 
itself elevated 13£ feet above the main mill floor, and that they dump 
through the track onto the crusher-room floor. Flush with this floor are 
the tops of three rotary crushers, two for crushing limestone and one for 
crushing shale. The two limestone crushers are run by a 45-H.P. 
electric motor and the shale crusher by a 22-H.P. electric motor. From 
the crushers the stone is delivered, shale and limestone separately, into 
* Engineering News, vol 50, pp 70, 71. July 23, 1903. 
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four rotary driers, each of which is operated by a 5-H.P. electric motor. 
From the driers the stone passes separately to the ball mills for the 
first grinding. These ball mills are of the Krupp type, and there are 
five of them, each operated by a 50-H.P. electric motor. From the ball 
mills the shale powder is delivered to a set of two bins and the lime- 
stone powder to a set of five bins. These bins are so constructed as to 
discharge automatically into a double elevator, whence the materials 



Fio 84 — Plan of plant, Lawrence Cement Co , Siegfried, Pa 


are discharged into a double hopper over a tandem automatic weigh- 
ing-machine, which weighs out the proper proportion of each material. 
The two products are then mixed thoroughly by being conveyed together 
by elevator K and conveyors and 9 to the steel bins feeding the tube 
mills. There are six of these tube mills and they are driven in groups 
by a 75-H.P. electric motor. 

“ The tube-mill discharges feed onto a screw conveyor 10, thence to 
the elevator EE, and thence to screw conveyor 11, which discharges 
into two groups of stock bins. Screw conveyors 13 running under- 
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General methods. — Usually the limestone or cement rock is passed 
through a crusher at the quarry or mill before being sent to the dryer; 
and occasionally one or both of the raw materials is still further reduced 
before grinding, but the principal part of the grinding process always 
takes place after the material has been dried. 

After drying, the two raw materials may either be mixed imme- 
diately or each may be separately reduced before mixing. Automatic 
mixers, of which many slightly different types are in use, give a mix- 
ture in the proportions determined upon by the chemist. 

The further reduction of the mixture is usually carried on in two 
stages, the material being ground to from 20 to 40 mesh or even finer 
in a ball mill or a high-speed mill (driffin, Fuller-Lehigh, Alaxecon, 
Huntingdon, etc.); and finished in a tube-mill. At a few plants, how- 
ever, single-stage reduction is still practiced with more or less success. 

As between the different combinations of grinding and pulverizing 
machinery that are in actual use, there is relatively little choice as to 
costs of operation, power consumed, etc. This is indicated clearly 
enough, if there were any doubt, by the diverse practices of the largest 
companies. The matter is further referred to in the following chapter. 

Plans of actual plants. — Plans of several actual plants have been 
inserted for the purpose of illustrating the brief statement made above. 

The plant of the Lawrence Cement Company, of Siegfried, Pa., 
published by courtesy of Messrs. Lathbury and Spackman, is given 
in Fig. 84. The materials used here arc cement rock and limestone. 
These are separately crushed in Cates crushers and dried in rotary 
driers, after which they are mixed and reduced in Williams mills and 
tube mills. 

The plant of the Hudson P. C. Co., a typical modern dry-process 
plant, is shown in Fig. 85, reproduced by courtesy of Engineering News. 
In the article * accompanying this figure, the raw side of the mill is 
described as follows: 

“ Following the course of the material step by step, it will be seen 
that the loaded cars from the quarry come into the mill at the east 
end at an elevation of 12 feet above the crusher-room floor, which is 
itself elevated 13£ feet above the main mill floor, and that they dump 
through the track onto the crusher-room floor. Flush with this floor are 
the tops of three rotary crushers, two for crushing limestone and one for 
crushing shale. The two limestone crushers are run by a 45-H.P. 
electric motor and the shale crusher by a 22-H.P. electric motor. From 
the crushers the stone is delivered, shale and limestone separately, into 
* Engineering News, vol 50, pp 70, 71. July 23, 1903. 
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neath these bins take the material right and left to the elevator F, 
which feeds the right and left screw conveyors 12 that discharge into 
the kiln feed bins. There arc ten of these bins and each one feeds one 
rotary kiln.” 

Actual Equipments of Dry-process Plants. 

The present-day practice in dry-process plants is shown better by 
the following data on the actual equipments of a number of these plants 
than by any amount of general statements on the subject. Reference 
should also be made to Chapter XXIX, where general crushing prac- 
tice is discussed. 

Plant No. 1. Uses limestone and shale. 

Limestone Shale 

1 Gates crusher 1 Gates crusher 

1 Mosser drier 
1 kominuter 
4 tube mills 
4 kilns 


Plant No. 2. Limestone and shale. 

Limestone Shale 

l crusher 
1 rotary drier 

1 Williams mill 

2 tube mills 
2 kilns 


Plant No. 3. Limestone and shale. 

Limestone Shale 

l crusher 1 tunnel drier 

1 rotary drier 1 crusher 

1 dry-pan to 30 mesh 

2 Raymond pulverizers 

3 kilns, 50 feet 

Plant No. /f Limestone and shale. 

Limestone Shale 

2 Alton crushers 1 dry-pan to 8-mesh 
1 Bonnot drier 1 rotary drier 
10 sets rolls 2 tube mills 

9 sets Sturtevant emery mills 

4 intermittent tube mills 
4 kilns 
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Plant No. 5. Uses fairly hard limestone, with shale. 

Limestone Shale 

1 Gates crusher, coarse rock sold; 1 disintegrator 

screenings used in cement plant 2 Bonnot rotary driers 

2 Bonnot rotary driers 


3 kominuters to 20-mesh 

4 tube mills to 92 r c through 100-mesh 
8 kilns 

Plant No. 6. Limestone and shale. 

Limestone Shale 

1 Gates crusher 1 Gates crusher 


1 rotary drier 

3 ball nulls 

4 tube mills 
0 kilns 

Plant No. 7. Uses hard limestone and shale. 

Limestone Shale 

2 Austin crushers 1 Sturtevant crusher 

2 Bonnot driers 2 Bonnot driers 

2 Krupp ball mills 1 Bonnot ball null 


5 tube mills 
10 kilns 

Plant No. 8. Limestone and shale. 

Limestone Shale 


1 Gates crusher, No 5 
1 rotary drier 
3 Williams nulls 
3 tube mills 
6 kilns 

Plant No. 9. Limestone and shale. 

Limestone Shale 


2 crushers 
2 rotary driers 
4 ball mills 
6 tube nulls 
8 kilns 

Plant No. 10. Limestone and cement rock. 

Limestone Cement rock 


2 crushers 
2 rotary driers 
6 ball mills 
6 tube mills 
10 kilns 
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Plant No. 11. Limestone and shale. 

Limestone Shale 

1 crusher 1 disintegrator 

1 rotary drier 1 rotary drier 


2 komin liters 
2 Davidsen tube mills 
0 kilns, 60 feet 


Plant No. 12. Uses marl and clay in a dry proce&s. 

Marl Clay 

1 rotary drier 1 rotary drier 


2 tube mills 
d kilns 


Plant No. 18. 


1 

2 


2 


Plant No. 14. 

1 

2 

1 


Plant No. 15. 


Plant No. 16. 


3 

8 


Limestone and shale. 

Limestone Shale 

large gyratory crusher 1 gyratory crusher 
smaller gyratories Rotary drier 

Rotary drier 1 Krupp ball mill 

Krupp bull mills | 


10 Kuller-Lelugh mills 
5 kilns, 120 feet 

Limestone and shale. 

Limestone Shale 

large gyratory crusher 1 gyratory crusher 

smaller gyratories 1 rotary drier 

rotary drier I 


3 Kuller-Ijchigh mills 
2 kilns, 160 foot 

Limestone and shale. 

Limestone Shale 

large gyratory crusher 1 rotary drier 
smaller gvratones I 

rotary drier ! 


Jeffrey hammer mills 
Griffin mills 
2 kilns, 140-foot 

Limestone and slag. 

Limestone Slag 

Oates gyratory crushers 4 rotary driers 
Rotary driers 

Cates ball mills 3 Gates ball mills 


12 tube mills 
12 kilns, 120-foot 
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Plant No. 17. Limestone and shale. 

Limestone Shale 

1 gyratory crusher 2 rotary driers 

2 smaller gyra tones i 

2 rotary driers j 

9 hall mills 2 ball nulls 


1 1 dates tube mills 
21 kilns, 12o-foot 


(2) Methods Used with Slag-Limestone Mixtures. 

While the manufacture of Portland cement from a mixture of slag 
and limestone is similar in general theory and practice to its manu- 
facture from a limestone-clay or other dry raw materials, certain inter- 
esting differences occur in the preparation of the mixture. In the 
following paragraphs the general methods of preparing mixtures of 
slag and limestone for use in Portland-cement manufacture will first 
be noted, after which certain processes peculiar to the use of this par- 
ticular mixture will be described separately. 

General methods. — After it had been determined that the puzzo- 
lan cement made * by mixing slag with lime without subsequent burn- 
ing of the mixture was not an entirely satisfactory structural material, 
attention was soon directed toward the problem of making a true 
Portland cement from such slag. The blast-furnace slags commonly 
available, while carrying enough silica and alumina for a cement mix- 
ture, are too low in lime to be suitable for Portland cement. Addi- 
tional lime must be added, usually in the* form of limestone, the slag 
and limestone must be well mixed and the mixture properly burned. 
The general methods for accomplishing the proper mixture of the mate- 
rials vary in details. It seems probable 4 that the first method used 
in attempting to make a true Portland cement from slag was to dump 
the proper proportion of limestone, broken into small lumps, into molten 
slag. The idea was that both mixing and calcination could thus be 
accomplished in one stage; but in practice 4 it was fe>unel that the result- 
ing cement was variable in composition anel always low in graele. This 
method has accordingly fallen into disuse, anel at present three different 
general processes of preparing the mixture are practiced at different 
European and American plants. 

1. The slag is granulated, dried, anel ground, while the limestone 
is dried and ground separately. The two materials are then mixed 


♦See Part VII. 
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in proper proportions, the mixture is finely pulverized in tube mills, 
and the product is fed in a powdered state to rotary kilns. 

2. The slag is granulated, dried, and mixed with slightly less than 
the calculated proper amount of limestone, which has been previously 
dried and powdered. To this mixture is added sufficient powdered 
slaked lime (say 2 to 6 per cent) to bring the mixture up to correct 
composition. The intimate mixture and final reduction are then accom- 
plished in ball and tube mills. About 8 per cent of water is then added, 
and the slurry is made; into bricks, which arc dried and burned in a 
dome or chamber kiln. 

3. Slag is granulated and mixed, while still wet, with crushed lime- 
stone in proper proportions. This mixture is run through a rotary 
calciner, heated by waste kiln gases, in which the temperature is suffi- 
cient not only to dry the mixture but also to partly powder it and 
to reduce most of the limestone to quicklime. The mixture is then 
pulverized and fed into rotary kilns. 

Of the t hree general processes above described the second is unsuited 
to American conditions. The first and third are adapted to the use 
of the rotary kiln. The’ third seems to be the most economical, and 
has given remarkably low fuel consumption in practice, but so far has 
not been taken up in the United States. 

Certain points of manufacture peculiar to the use of mixtures of 
slag and limestone will now be described. 

Composition of the slag.— The slags available for use in Portland- 
cement manufacture are of quite common occurrence in iron-producing 
districts. Those best suited for such use are the more basic blast- 
furnace slags, and the higher such slags run in lime the more available 
they are for this use. The slags utilized will generally run from 30 to 
40 per cent lime. The presence of over 3 per cent or so of magnesia 
in a slag is, of course, enough to render its use as a Portland-cement 
material inadvisable; and on this account slags from furnaces using 
dolomite (magnesian limestone) as a flux arc unsuited for cement- 
manufacture. The presence of any notable percentage of sulphur is 
also a drawback, though, as will be later noted, part of the sulphur 
in the slag will be removed during the processes of manufacture. 

Granulation of slag. — If slag be allowed to cool slowly, it solidifies 
into a dense, tough material, which is not readily reduced to the requisite 
fineness for a cement mixture. If it be cooled suddenly, however, as 
by bringing the stream of molten slag into contact with cold water, 
the slag is “ granulated,” i.e., it breaks up into small porous particles. 
This granulated slag or “ slag sand ” is much more readily pulverized 
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than a slowly cooled slag; its sudden cooling has also intensified the 
chemical activity of its constituents so as to give it hydraulic properties, 
while part of the sulphur contained in the original slag has been removed. 
The sole disadvantage of the process of granulating slag is that the 
product contains 20 to 40 per cent of watei, which must bo driven off 
before the granulated slag is sent to the grinding machinery. 

In practice the granulation of the slag is effected by directing the 
st ream of molten slag direct from the furnace into a shoot -iron trough. 
A small stream of water flows along this trough, the quantity and rate 
of flow' of the water being regulated so as to give complete granulation 
of the slag without using an excessive amount of water. The trough 
may be so directed as to discharge the gianulated slag into tanks or 
into box cars, which are usually perforated at. intervals along the sides 
so as to allow part of the water to drain off. 

Drying the slag. As above noted, t lie granulated slag may carry 
from 20 to 40 per cent of watei. This is renewed by treating the slag 
in rotary driers. In practice such driers give an evaporation of 8 
to 10 lbs. of water per pound of coal. The practice of slag-drying 
is very fully described in Part. VII of this volume, pages 502-505, 
whore figures and descriptions of various driers are also given, with 
data on their evaporative efficiency. As noted earlier in this article, 
one of the methods of manufacturing Portland cement from slag put s 
off the drying of the slag until after it has been mixed with the lime- 
stone, and then accomplishes tin* drying by utilizing waste heat from 
the kilns. Kiln gases could, of course, be used anyway in the slag- 
driers, but it so happens that they have not been so used except in 
plants following the method in question. 

Grinding the slag.- -Slag can be crushed with considerable ease to 
about 50-mesh, but notwithstanding its apparent brittleness it is diffi- 
cult to grind it finer. Until the introduction of the tula* mill, in fact, 
it was almost impossible to reduce this material to the fineness neces- 
sary for a cement mixture, and the proper grinding of the slag is still 
an expensive part of the process, as compared with the grinding of 
limestone, shales, or clay. 

Composition of the limestone. — As the slag carries all the silica and 
alumina necessary for the cement mixture, the limestone to be added to 
it should be simply a pure lime carbonate. The limestone used for flu? 
at the furnace which supplies the slag will usually be found to be of 
suitable composition for use in making up the cement mixture. 

Economics of using slag-limestone mixtures. — The* manufacture of 
a true Portland cement from a mixture of slag and limestone presents 
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certain undoubted advantages over the use of any other raw materials, 
while it has also a few disadvantages. 

Probably the most prominent of the advantages lies in the fact 
that the most important raw material — the slag — can usually be obtained 
more cheaply than an equal amount of natural raw material could 
be quarried or mined. The slag is a waste product, and a trouble- 
some material to dispose of, for which reason it is obtained at small 
expense to the cement-plant. Another advantage is due to the occur- 
rence of the lime in the slag as oxide, and not as carbonate. The heat 
necessary to drive off the carbon dioxide from an equivalent mass of 
limestone is therefore saved when slag forms part of the cement mixture, 
and very low consumption is obtained when slag-limestone mixture 
is burned. 

Of the disadvantages, the toughness of the slag and the necessity 
for drying it before grinding are probably the most important. These 
serve to partly counterbalance the advantages noted above. A third 
difficulty, which is not always apparent at first, is that of securing a 
proper supply of suitable slag. Unless the cement-plant is closely 
connected in ownership with the furnaces from which its slag supply 
is to be obtained, this difficulty may become very serious. In a season 
when a good iron market exists the furnace manager will naturally 
give little thought to the question of supplying slag to an independent 
cement plant. 

The advantages of the mixture, however, seem to outweigh its dis- 
advantages, for the manufacture of Portland cement from slag is now 
a large and growing industry in both Europe and America. Four Port- 
land-cement plants using slag and limestone as raw materials have been 
established for some time in this country, while a number are in operation 
in various European countries, notably in France and Germany. 

References on slag-limestone mixtures. 

(The moro important articles are preceded by an asterisk ) 

Eckel, E. C. Preparation of slag limestone mixtures. Municipal Engineering, 
vol. 25, pp. 227-230. 1003. 

Hughes, 0. J. 1). Portland cement from slag. U. 8. Consular Reports, No. 
1700, July 18, 1003. 

* Jantzen. Utilization of blast-furnace slag. Stahl und Eisen, vol. 23, pp. 

301-375. 1002. Journ. Iron and Steel Inst., 1003, No. 1, pp. 634-637. 
Kammerer. Von ForeH's process for the production of Portland cement from 
basic slag.’ Stahl und Eisen, vol. 19, p. 1088. 1899. Journ. Soc. Chem. 
Industry, vol. 19, p. 48. 



PREPARING THE MIXTURE FOR THE KILN. 


389 


* Lathbury, B. B., and Spackman, IT. S. The Clinton Cement Company’s 

plant, Pittsburg, Pa. The Rotary Kiln, pp 82-85. 1902. 

May, E. Slag (Portland) cement. Stahl und Eisen, vol. 18, pp. 205-211. 

1897. Journ. Iron and Steel Inst., 1808, No. 1, pp. 401—164. 

Schiele, F. Manufacture of Portland cement from slag at I^ollar, Germany. 

Proc. Inst. Civ. Engrs., vol. 145, pp 119-120. 1901. 

Steffens, C. Portland cement from slag m Germany Stahl und Eisen, vol. 20, 
pp. 1170-1171. 1900. Journ. Iron and Steel Inst , 1901, No. 1, pp. 439- 

440. 

Von Forell, C. Patent Portland cement from slag. Journ. Soc. Chcm. Indus- 
try, vol. 19, p. 50. 1899. 

*Von Schwarz, C. The utilization of blast-furnace slag. Journ. Iron and 
Steel Inst., 1900, No. 1, pp. 141-152 Engineering News, Sept. 27, 1900. 
Engineering Record, June 2, 1900 

* Von Schwarz, C. Portland cement manufactured from blast-furnace slag. 

Journ. Iron and Steel Inst., 1903, No. 1, pp. 203-230. 


(3) Blast-furnace Methods of Making Cement. 

Attempts have been made to manufacture Portland cement by 
mixing the raw materials without grinding and burning the mixture 
to a state of complete fusion in a kiln resembling a blast-furnace in 
design and action. The Hurry and Seaman patents covering a method 
of this type are described as follows:* 

Raw materials containing carbonate of lime, silica, and alumina 
are mixed with carbonaceous fuel, the combustion of which is supported 
by a blast of air supplied through tuyeres, and a pressure about 10 to 
20 lbs. above that of the atmosphere is maintained in the furnace, 
whereby the materials are melted, the molten cement being afterward 
drawn off, cooled, and pulverized. The carbon dioxide derived from the 
carbonate of lime is reduced to carbonic oxide by the incandescent 
fuel, and in this atmosphere any oxide of iron in the raw materials is 
said to be reduced to metallic iron, which sinks and can thus be sepa- 
rated from the molten cement, whereby a superior product is obtained. 
The carbonate of lime may be preliminary calcined and the carbon 
dioxide introduced together with air into the calcining furnace, where it 
is reduced and then again burned to carbon dioxide. The increased 
pressure is maintained either by arranging the height of the kiln so that 
the combustion gases formed in the lower part are prevented from 
escaping freely by the height of the mass of materials above or by a 
throttle-valve arranged in the outlet at the top of the kiln. 

* Journal Soc Chcm Industry, vol 21, p 1079 1902 
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In carrying out their experimental work Hurry and Seaman used 
cement mixtures of normal Portland composition. Their practical 
failure according to a personal statement by Mr. Seaman, was due to two 
causes, very different in origin and in seriousness. First, the iron 
oxide contained in the mix was reduced and appeared as particles of 
metallic iron in the fused product. Second, the fused product, when 
ground, was very slow-setting indeed. 

Both of these difficulties can be overcome, and the intrinsic advan- 
tages of a blast-furnace process are so great that it seems likely to reach 
further development in future. At present cement is being made both 
in blast-furnaces and in electric furnaces in France, as is noted later in 
discussing the high-alumina Portlands (pages 517-519). 

The blast-furnace dispenses with the necessity for drying, crushing 
and pulverizing the raw materials; and simplifies the conveying prob- 
lem very greatly. In the next chapter will be found data relative to 
the importance of these various items in our present systems. 


(4) Wet Methods of Preparation. 

During all the early stages of the Portland cement industry wet 
methods of preparing the mix were in use everywhere; the two raw 
materials were mixed and ground wet, the resulting “ slurry ” was dried 
on floors or in tunnels; and fed, in bricks or otherwise, to fixed kilns of 
one type or another. All this meant a good deal of time and of hand 
labor. 

When the rotary kiln came into use dry methods of preparation 
became possible, and concurrent improvements in grinding machinery 
aided in the very general adoption of dry processes of preparation. 
By 1903, there were only a few plants using limestone in a wet mix; 
the remaining wet process plants were using marl, and the results at 
most of them were not at all brilliant. The marl mixtures were made 
very wet at most of the mills, and the coal consumption was corre- 
spondingly large. This effect on costs and output was so great as to 
mask certain very real advantages of the wet process. 

In the past decade or so, however, wo have seen the reappearance of 
the wet process, both in Europe and in America, under more favorable 
conditions. 

As the matter stands now, the respective advantages and limitations 
of the wet process may fairly be summed up as follows: 
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(1) The wet process, using modern grinding machinery, can prepare 
a mix of proper fineness at a substantially lower power-cost than can the 
dry process on the same materials. 

(2) The wet process saves, in addition, the cost of drying the raw 
materials. 

(3) The wet process permits actual correction of the mix before burn- 
ing, owing to Ihe use of slurry tanks. 

(4) The wet process, on the other hand, shows a lower output per 
kiln and a higher fuel consumption per barrel than the dry process. 
These effects are very noticeable in short kilns— say of 00 to UK) foot 
length. They disappear gradually as the kilns lengthen; kilns 2(X) feet 
and longer have shown results fairly comparable to the best results of 
the dry process. 

(5) To secure such economic results the percentage of water in the 
mix must be kept down rigidly to that just necessary to prevent settling 
in tanks or at other stages of the process. The old 50 to (50 per cent 
slurries were hopelessly uneconomical, even in long kilns. Experience 
at various mills with a wide variety of raw materials indicates that 
almost any slurry can be handled, if ground properly, with not over 
35 per cent of water. 

(G) The final cement of a wet process mill can be kept more uniform 
than in a dry mill. The wet process is therefore particularly applicable 
to localities whose raw materials are irregular in composition, and it is 
of maximum value under such conditions. 

(7) In general the wet process, with very long kilns, is indicated 
for localities where the raw materials are either irregular in composition 
or are naturally wet, or difficult to dry (marls, chalks, some clays, etc.). 
Where the raw materials are naturally dry, or readily dryable; and at the 
same time regular in composition, the dry process is still the more 
economical of the two. 


Actual Equipment of Wet-process Plants. 


Plant No. 1. Uses a hard limestone and a clay in a wet process. 

Limestone Clay 

2 crushers | 


4 ball mills 
4 wet paddle mills 
4 wet tube mills 
10 kilns 
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Plant No. 2. Unes a fairly hard limestone and a shale in a wet process. 

Limestone Shale 

1 Gates crusher to 3J inches 2 Williams mills 

3 small Gates crushers to 1 inch | 


3 rotary driers 

21 Griffin mills to 90% through 100-mesh 
3 pug-mills 
15 slurry tanks 
21 kilns 

Plant No. 3. Marl and clay. 

Marl Clay 

I 1 rotary drier 

! 1 dry-pan 


1 pug-mill, 40% water 

2 Bonnot tube nulls 

3 kilns, GO feet 

Plant No. J+. Marl and clay. 

Marl Clay 

1 stone separator 1 drv-pan 


2 pug-mills 

4 Bonnot tube mills 

5 kilns 

Plant No. 5. Marl and clay. 

Marl Clay 


1 stone separator 
Tanks 

1 wet tube mill 
Tanks 
3 kilns 

Plant No. 6. Marl and clay. 

Marl Clay 


2 wet-pans 


3 Abbie mills 


2 wet ball mills 

3 wet tube mills 


13 kilns 

Plant No. 7. Marl and shale. 

Marl Shale 

1 stone separator 2 dry-pans 

I pug-mill | 


6 Bonnot tube mills, 1G feet 
14 kilns 



PREPARING THE MIXTURE FOR THE KILN. 


393 


Plant No. 8. Marl and clay. 

Marl Clay 

1 stone separator 1 pug-mill 


1 pug-mill 
3 tube mills 
0 kilns 

Plant No. 9. Marl and day. 

Marl Clay 

1 stone separator | 


2 wet-pans 
4 tube mills 
14 kilns 

Plant No. 10. Marl and day. 

Marl Clay 

1 stone separator 1 rotary drier 


1 pug-m ill 
4 tube mills 
6 kilns, 70 feet 
4 kilns, 00 feet 

Plant No. 11. Marl and shale. 

Marl Shale 

1 stone separator 1 rotary drier 

| 1 Williams mill 


1 pug- mi 1 1 

2 tube mills 

9 kilns, 70 feet 

Plant No. 12. Marl and day. 

Marl Clay 

2 Bonnot stone separators Chalmers clay disintegrator 

j Rotary drier 

I Krupp ball mill 


Pug-mills 

5 Chalmers wet tube-mills 
3 kilns, 140 feet 

Plant No. 13. Alkali waste and day. 

Alkali waste Clay 

j Drier 

I Dry pan 


Pug mills 
Wet tube mills 
Slurry tanks 
3 kilns, 100 feet 
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Plant No. 14 . Limestone and clay. 

Limestone Clay 

Fairinount crusher Wash-mill 

Williams crusher Tanks 


Wet kominuters 
3 tube mills 
Slurry basins 
2 kilns, 170 feet 


Plant No. 15. Marl and clay. 

Marl Clay 


Pug mills 
Tanks 
Tube mills 
2 kilns, 100 feet 


Plant No. 16. Limestone and clay. 

Limestone Clay 

Gyratory crusher Wash mills 


3 wet kominuters 
2 tube mills 
Slurry basins 
2 kilns, 235 feet 




Certain features of the power requirements and grinding practice at 
cement plants may conveniently be summarized in the present chapter, 
since they relate not only to the preparation of the raw material for the 
kiln, but to its later stages of burning and clinker-grinding. A state- 
ment of these general features will be of value, not only in giving an idea 
of present conditions, but as suggesting the probable lines along which 
further improvements will be most likely, because most profitable. 

We may say, at the outset, that the average mill furnishes and em- 
ploys a little less than 1 horse-power per daily barrel of cement pro- 
duced; details on this point arc stated below. This power is various in 
source, and in its means of transmission. But, whatever these may 
be, the power, always of about the same amount, is used in the mill 
chiefly for grinding the raw materials, and for grinding the clinker; 
and to a less important extent for operating the coal-grinding mill, the 
rotary kilns, the conveyors, the packing machinery, etc. With this 
preliminary outline in mind, attention can be turned to the sources, 
transmi&sion, distribution and utilization of the power, in more detail. 

Amount and source of power. — The amount of power supplied to 
and utilized by a cement mill has been decreasing slowly, on the average, 
for the past few decades, due in part to economies within the power sys- 
tem itself, and in part to improvements in the machinery which used the 
power. There arc still mills using as much as I 2 H.P. per daily barrel; 
there are others which make cement on \ H.P. per barrel or less; the 
average, for the total American output, is probably at present well 
below 1 H.P. per barrel. 

In a few mills, particularly in the extreme west, where large hydro- 
electric plants supply extensive areas, the cement mills buy power 
entirely from such installations; in such cases both source and trans- 
mission are electric. But in by far the majority of cases the cement 
mill develops its own power by coal, and uses steam as a primary source. 
It may use this steam power direct, by shafts and belting; or it may 
convert it and transmit electrically to separate motors at the machinery. 

395 
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One plant at least has a far more advanced layout — operating gas 
engines; but this is as yet unusual. 

There are admittedly wide differences in economy, as regards both 
generation and transmission, but they are rather differences as between 
new and old mills than between the various power systems them- 
selves. With the exception of the gas-engine — which as we see things 
now is over certain great areas of the world, if not ' every where, 
probably the power of the future — the choice is not very great in other 
ways. There are advantages about electric drive and separate motors; 
but in most mills these advantages do not amount to enough to affect 
the cost-sheet visibly. I should say that they are most noticeable in 
small and irregularly operated mills; and that for very large installa- 
tions steam and shafting are still the most economical and satisfactory. 
In any case the choice is for each individual mill, because fuel and oper- 
ating conditions are the decisive factors. 

Distribution of power. — Assuming that the mill will use a little 
under 1 H.P. per daily barrel — say 20 H.P. hours per barrel for conveni- 
ence, we may go on to consideration of its use and distribution among 
the processes. Here variations in processes and machinery will affect 
the results, but we can assume with sufficient accuracy that some 80 to 
8.5 per cent of the total power will be used in the grinding of raw mix 
and clinker; the remainder will serve the other requirements of the 
average mill. As between the raw and clinker sides, the power used 
will be approximately equal; it will require, in other words, just about as 
much power to crush and pulverize 600 lbs. of raw material as to pul- 
verize 380 lbs. of clinker. A wet-process mill will probably run its raw 
side on less; a dry process mill using hard limestone and shale may show 
lower proportionate use of power on its clinker side. 

Taking current American practice to-day we will probably be not 
very far wrong if wo assume that on the average the power used in the 
mill is close to 

8 H.P. hours per daily barrel for preparing mix. 

8 H.P. hours per daily barrel for finishing clinker. 

4 H.P. hours per daily barrel for all other uses. 

In studying possible economies in different lines we might further 
assume that the average H.P. hour will take 5 lbs. of coal. With coal 
at $2 per ton this is l cent per H.P. hour; with coal at $4 per ton 
it is just 1 cent per H.P. hour. 

These facts suggest the limits within which wc are necessarily con- 
fined in experimenting with such processes as the use of the blast fur- 
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nace, or pre-calcining the limestone; they also suggest forcibly, what is 
confirmed by examination of a long series of cost -sheets, that differences 
in type of grinding machinery are commonly of relatively small financial 
importance. Small improvements in kiln operations will save more coal 
than the worst possible grinding machinery can eat up; steadiness in 
quantity and quality of output will affect the cost sheet more than 
changes in mill practice. 

Certain questions relating more directly to the grinding may now be 
taken up more clearly than if there were no preliminary basis of facts 
as to power. 

Necessity for fine grinding. — The necessity for very fine grinding 
of the raw mixture, if a sound and volume-constant cement is to be 
obtained, was early stated by Newberry,* and the value of such fine 
grinding has been recently expressed in flic quantitative form by the 
experiments by Professor Campbell, f 

To secure a sound and volume-constant cement it is necessary that 
the raw mixture be very finely ground. Other things being equal, the 
finer the grinding of the raw mixture the better will be the resulting 
cement. The degree of fineness necessary to secure a given grade of 
cement will depend upon: 

(а) The percentage of lime in the mixture. The higher the percent- 
age of lime in the mixture, the finer the raw mixture must be ground, 
because the chances of getting an unsound or expensive cement will 
increase as the percentage of lime rises, and this tendency will have to be 
counteracted by greater fineness of grinding. 

(б) The carefulness with which the materials have been mixed. 
The more careful and thorough the mixture, the less care need be 
bestowed upon the grinding, and vice versa. 

(c) The character of the raw materials. This jjoint, which has been 
emphasized by Newberry, is of great importance. When a very 
pure limestone or marl is mixed with a clay or shale, the grinding 
must be much finer than in the plants (such as those in the Lehigh 
district of Pennsylvania) where a highly argillaceous limestone (“ cement 
rock ”) is mixed with a comparatively small quantity of purer lime- 
stone. In the latter case the coarser particles of the argillaceous 
limestone will be so near in chemical composition to the proper mixture 
as to do little harm to the resulting cement, even if both the grinding 
and the mixing should be incompletely accomplished, while in the former 
case, where a pure limestone or marl is mixed with clay or shale, both of 

* 20th Ann Rept U S Geol Survey, pt 6, p 545. 
t Journ. Am. Chem Soc., vo! 25, p. 40 et seq. 
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One plant at least has a far more advanced layout — operating gas 
engines; but this is as yet unusual. 

There are admittedly wide differences in economy, as regards both 
generation and transmission, but they are rather differences as between 
new and old mills than between the various power systems them- 
selves. With the exception of the gas-engine — which as we see things 
now is over certain great areas of the world, if not ' every where, 
probably the power of the future — the choice is not very great in other 
ways. There are advantages about electric drive and separate motors; 
but in most mills these advantages do not amount to enough to affect 
the cost-sheet visibly. I should say that they are most noticeable in 
small and irregularly operated mills; and that for very large installa- 
tions steam and shafting are still the most economical and satisfactory. 
In any case the choice is for each individual mill, because fuel and oper- 
ating conditions are the decisive factors. 

Distribution of power. — Assuming that the mill will use a little 
under 1 H.P. per daily barrel — say 20 H.P. hours per barrel for conveni- 
ence, we may go on to consideration of its use and distribution among 
the processes. Here variations in processes and machinery will affect 
the results, but we can assume with sufficient accuracy that some 80 to 
8.5 per cent of the total power will be used in the grinding of raw mix 
and clinker; the remainder will serve the other requirements of the 
average mill. As between the raw and clinker sides, the power used 
will be approximately equal; it will require, in other words, just about as 
much power to crush and pulverize 600 lbs. of raw material as to pul- 
verize 380 lbs. of clinker. A wet-process mill will probably run its raw 
side on less; a dry process mill using hard limestone and shale may show 
lower proportionate use of power on its clinker side. 

Taking current American practice to-day we will probably be not 
very far wrong if wo assume that on the average the power used in the 
mill is close to 

8 H.P. hours per daily barrel for preparing mix. 

8 H.P. hours per daily barrel for finishing clinker. 

4 H.P. hours per daily barrel for all other uses. 

In studying possible economies in different lines we might further 
assume that the average H.P. hour will take 5 lbs. of coal. With coal 
at $2 per ton this is l cent per H.P. hour; with coal at $4 per ton 
it is just 1 cent per H.P. hour. 

These facts suggest the limits within which wc are necessarily con- 
fined in experimenting with such processes as the use of the blast fur- 
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As a matter of fact American practice at the present day has not 
settled down closely in this regard, though it is tending toward greater 
and greater fineness of the mix. Examination of results at a large num- 
ber of plants using limestone mixtures shows that they vary from 82 to 
96 per cent passing a 200-mesh sieve; the average, however, is probably 
now close to 4)2 per cent. 


Classification of Grinding Machinery. 

So many types and varieties of crushing and pulverizing machinery 
are now on the market that it is difficult, from a single description, to 
form much of an idea of the relation of any given one of these machines 
to any of the others. To aid in this, the machines which are used 
to any extent have been grouped under eight classes, according to 
their general methods of action. This grouping is as follows: 

Class. 1 . Jaw crushers, material crushed between two jaws which approach 
and recede .Kurmocnt crusher, Hiakk crusher. 

Class 2. Cone grinders; material crushed by the revolution of a toothed cone 
or spindle within a toothed cup. . . Gates crusher, crackers. 
Class 3. Rolls; material crushed lx*tween two or more plain, fluted, or toothed 

cylinders revolving in opposite directions Roma. 

Class 4. Millstones; material crushed between two flat or grooved discs, 
one of which revolves. 

Millstones, ruhrs, Sturtevant emery mills, Cummings mills. 
Class 5. Edge-runners; material crushed in a pan, under a cylinder turning 
on a horizontal axis and gyrating about a vertical axis. 

Edge-runners, dry-pan. 

Class 6 . Centrifugal grinders; material crushed between rollers and an 
annular die, against which the rollers are pressed by centrifugal 
force Fuller-Lehigh. Kent, ring-roll, etc. 

Huntingdon mill, Griffin mill, Narod mill, Clark pulverizer. 
Class 7. Ball grinders; material crushed by balls or pebbles rolling freely 
in a revolving horizontal cylinder. 

Kominuter, iiall mill, ture mill. 
Class 8. Impact pulverizers; material crushed by a blow in space delivered 
by revolving hammers, bars, cups, or cages. 

Williams mill, Raymond pulverizer, Sturtevant disinte- 
grator, Stedman disintegrator, Cyclone pul\ erizer. 

All of these machines are used, at one plant or another, somewhere 
in the American Portland cement industry. Some of them are in very 
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general use; others are employed very rarely. Groups 1, 2, 6 and 7, 
include the more commonly used machinery; Groups 3 and 8 are some- 



-Scctional view of Gates crusher. 


The names of the several parts designated by numbers in the above illustration mny be found 
in the following table: 

1 Hot tom plate 11 Bevel-pinion 24 Octagon step 

2 Bottom shell 12 Hand-wheel 25 Main shaft 

II Top shell 13 Break-pin hub 2ft Upper ring nut 

4 Hearing-cap 14 Break-pin 27 Lower ring nut 

5. Oil-cellar cap 15 Oil-bonnet 28 Steel Btep 

6 Spider 1ft Dust-ring 29 Lighter screw 

7. Hopper 17 Dust-cap 30 Lighter screw, jam nut 

8 Kecentrio 18 Head 31 Counter-shaft 

0 Bevel-wheel 19 Concaves 33 Oiling-chain 

10. Woanng-nng 22 Chilled wearing-plates 


what less used; Groups 4 and 5 include types used only in wet mixes 
or for clays and shales. 

Modern practice, in America and elsewhere, seems to tend towards 
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three-stage reduction system as regards raw mix, and to somewhat less 
degree as regards clinker and kiln coal. In typical development we 
may therefore say that there will be the following stages in grinding 
practice; 



(1) Reduction of quarried stone, coarse clinker or lump coal to 2 to 
1-inch size; usually accomplished in a rotary or jaw crusher; sometimes 
by rolls. 

(2) Intermediate grinding; of raw mix, clinker and coal to say 20 
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mesh to 60 mesh; accomplished commonly either l>y a Centrifugal 
Grinder (Group 6) or by a Ball Mill or kominuter (Group 7). 

(3) Final pulverizing; accomplished either by the Tube Mill (Group 
7) or by further grinding in the same Centrifugal Grinder used for the 
intermediate grinding; more rarely by an Impact Pulverizer (Class 8). 
In the preceding chapter will be found data as to machinery actually 



Fio 89— Interior of Kent null 

installed on the raw material sides of a number of mills, both wet process 
and dry process. In Chapter XXXIV will be found data on the 
clinker-grinding practice at a number of modern mills. 

Pebbles for tube mills. — The grinding work done in a tube mill was 
originally accomplished by means of flint pebbles. During the past 
few years there has been an increasing tendency to use metal slugs, in one 
compartment of the tube mill, and the increase in efficiency has been 
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notable. As for the flmt pebbles, which may be considered one of the 
mmor raw materials of the cement industry, their chief supply in 
ordinary years was from France, Greenland, Norway, Englnndanri 

ite “Tn' ( T P ° l)h , k ' S fr0n “ ,hc Ne ' vf ‘» ln '»«nd coast, and quartz- 
!h ” re * ^ - 1- — 



Concerning the French flints, Mr. Thackara writes as follows: 

“ By the action of the sea on the base of the chalk cliffs, which form 
the coast-hnc of a portion of the Department of Seine Inftrieure frag- 
ments of the rock are detached. Those which are composed of the 
flint found in the cliffs, on account of their hardness, are not reduced 
to sand by the trituration arising from the movement of the waves 
or tidal currents, and become what are known as sea flint pebbles 
These are gathered on the beaches between Havre and St. Valery-sur- 
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Somme, a distance of a little over 100 miles. Those which are nearly 
spherical in shape are carefully selected and are used for pulverizing 
cement, chemical products, etc. 



Fiu. 93. — Exterior view of Bonnot tube mill. (Bonnot & Co ) 


“ According to the official custom-house statistics, there were 13,592 
tons of flint pebbles exported from France during 1900, valued at 
$39,248. The value of the declared exports of these stones from France 
to the United States for the fiscal year ended June 30, 1900, was $16,743 



Fig 94 — Gates tube mill. (Allis-Chalmers Co ) 

of which $3849 were shipped from Havre, $4458 from Boulogne, and 
$8436 from Dieppe. 

“ The prices of the flint pebbles for use in the potteries range from 
5s. 3d. ($1.27) to 12s. ($2.92) per ton f. o. b. in bulk at F6camp, St. Va- 
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lery-en-Caux, Dieppe, Trfport, St. Yalory-sur-Somme, and Havre, 
according to quality and to the port from which they are shipped. 
For the selected pebbles the prices vary from 35s. ($8.52) to 42s. ($10.21) 
f. o. b., packed in barrels or bags, packing included. 

“ The rate of freight from Havre or Dieppe to New York averages 
10 francs ($1.93) per ton of 1000 kilograms (2204.6 pounds). 

“ French flint pebbles are shipped to England, Scotland, Norway, 
Sweden, Russia, Spain, Japan, and the United States. In the Baltic 


ink 



Fic; 95 — View of Williams mill, easing opened 


ports they have to compete with the pebbles exported from Denmark. 
Germany is now using silica sand from the river Rhine for pottery 
purposes, which replaces the flint pebbles. The French pebbles also 
have to compete with those collected on the English coast at Newhaven, 
Shoreham, and Rye, with the chalk hints shipped from London, and 
with the Greenland selected pebbles. 

For the following analyses of tube-mill pebbles, from lots furnished 
by various importers, I am indebted to the chemists named below. 

From these analyses it will be seen what large variations in com- 
position occur in different kinds of flint pebbles. Other things being 
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equal, the pebbles highest in silica should give the best results, while 
lime is notable as suggesting physical weak zones in the pebble. 


Table 175. 

Analyses of Flint Pebbles 



1 

* 1 

a 

4 i 



7 

Silica (SiOj) 

07 10 

95 20 

05 00 

03 05 

01 50 

90 20 

87 00 

Alumina (A1 2 0 3 ) 

Iron oxide (FC 2 O.O 

J() 04 

3 40 

3 40 

0 07 

2 00 1 

! 

10 10 

13 30 

Lime (CaO) . . . 

0 22 

1 35 



2 92 

n d 

n d. 


1 Greenland “Dana” brand II S Turner, analyst 

2 Havre, Frame light Heiberg and Roney, analysts 

.'I * * “ dark “ “ “ “ 

4 St Valericn, Franee No I " “ “ “ 

r, “ “ No 2 

0 Norway, light “ “ “ 

7 “ : dark. 

The high cost of flint pebbles for mills situated in the middle and 
western United States has led to many attempts to secure a domestic 
substitute for the expensive imported pebbles. Rounded pebbles of 
shape and character suitable for this use occur only on the shores of 
great lakes or along the beds of mountain streams. A California mill 
secures its supply from the American river, where rounded granite 
pebbles occur in quantity. These pebbles, gathered by Chinamen, 
cost less than $5.00 per ton at the mill, and arc about half as durable 
as imported flints. For grinding .3000 barrels of cement, 800 lbs. of 
granite pebbles were used up, as against 400 lbs. of imported flint peb- 
bles. 

Flint occurs in several formations in America, but in no case do 
these formations outcrop along the shore, so that the flint can be 
obtained only in rough angular masses. Along the north shore of Lake 
Superior hard quartzite pebbles are known to occur in quantity, and 
this district and the Newfoundland coast have furnished portions of 
the American and Canadian pebble supply. 
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CEMENT BURNING: FIXED KILNS 

The preceding chapters have been devoted to a discussion of the 
raw materials for Port land-cement manufacture, and to the processes 
and methods of preparing a mixture of these materials for the kiln. In 
the present and following chapters the next stage of the industry will 
be taken up — that of burning the raw mix into cement clinker. 

Fixed or Stationary Kilns. 

The earliest type of kiln used in Portland-cement manufacture was a 
simple vertical bottle-shaped kiln closely similar to those used in the 
burning of lime and natural cements. This was largely succeeded by 
improved types of stationary kilns in Germany and France, while 
in the United States the rotary kiln has become standard. Though 
stationary kilns are now very rare in American practice they have some 
undoubted advantages in localities where fuel is expensive and labor 
is cheap. As American engineers may soon have to consider the pos- 
sibility of manufacturing cement in (Vntral and South America, where 
these fuel and labor conditions arc fulfilled, it has been considered 
advisable to discuss the improved type of stationary kilns in some 
detail. A list of references to the more important papers on the sub- 
ject is also given at the end of the chapter. 

In order that the relationships of the various types of fixed or sta- 
tionary kilns may be clearly understood, it will be well to group them 
in classes according to the general principles on which their construc- 
tion and operation are based. Four such groups can be formed: 

1. Dome or intermittent kilns. 

2. Dome kilns with drying accessories. 

3. Ring or Hoffmann kilns. 

4. Continuous shaft kilns. 

These classes will be described in the order named. 

1. Dome or Ordinary Intermittent Kilns. 

All intermittent kilns will, for convenience, be here termed dome 
kilns, though the term is properly restricted to intermittent kilns of 
one particular shape. 
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The dome or bottle-shaped kiln is the original form on which most 
fixed kilns are based. As shown in Fig. 96 it is practically the shape 
of the older lime-kilns, differing usually in having a somewhat greater 
height for a given diameter. The type shown in the figure, which is 
the ordinary English form, is perhaps 9 to 12 feet in diameter at its 
widest portion, 15 to 18 feet from its base to this widest zone, and 
25 to 35 feet in total height. This kiln is usually charged at several 



levels, one charging door being located a little below its widest point, 
and others being opened in the truncated cone which serves as a chimney. 

In German practice these kilns assumed a form nearly like that 
of the blast-furnace. The body of the German dome kiln is usually 
a cylinder, 9 to 12 feet wide and 25 to 30 feet high. This is surmounted 
by a truncated-cone chimney, often high so that the total height of 
the kiln may be 35 to 75 feet. Candlot states that at some German 
plants kilns 22 feet in diameter and 100 feet in height were used, each 




of which kilns would turn out 400 tons (metric) of cement for each 
run. 

Dome kilns are charged with fuel and mix, the latter in the form of 
bricks, in alternate layers, the proportions varying principally with 
the height of the kiln and the wetness of the bricks ot mix. When 
the kiln is full the charging doors are closed and luted with fire-clay, 
and the lowest layer of fuel is ignited. As the burning progresses the 
entire mass settles, owing to the loss in fuel and carbon dioxide. The 
kiln may now be refilled to its former level, but nothing is drawn from 
it until the burning is complete, which may take from one to two weeks. 
Candlot states that the production of a dome kiln varies from \ to 1 
ton of clinker for each cubic meter of burning space, and that from 23 to 
30 lbs. of fuel are required per 100 lbs. of clinker, the latter quantity 
varying according to whether anthracite, gas-coke, or oven-coke is 
employed. The labor cost of charging, drawing, and picking clinker 
from the dome kiln may vary from 30 to 50 cents per ton of cement, 
equivalent to about 5 to 10 cents per barrel. 

2. Dome Kilns-with Drying Accessories. 

The first and simplest improvement on the primitive dome kiln 
was to provide each kiln with a drying tunnel. The kiln thus improved 
was still intermittent, but the drying tunnel gave a certain fuel economy, 
particularly when very wet mixes were employed. The principal type 
of this class of kiln is the Johnson kiln. 

Johnson kiln. — The Johnson or chamber kiln was apparently the 
first English improvement on the simple dome kiln. It consists essen- 
tially of a dome kiln roofed over at the top, and with along horizontal 
passage, semicircular in section, opening into the kiln near the top 
and leading to a stack. The wet slurry is placed in the horizontal 
passage and dried by the hot gases passing through it from the kiln 
to the stack. The slurry when dry must be shoveled up and charged 
into the kiln by hand. 

Various modifications of the Johnson kiln have been suggested 
and used in English plants,* most of them depending for extra economy 
on passing the hot gases under as well as over the slurry to be dried. 

The Johnson kiln, with its different modifications, may be considered 
essentially as combinations of old-style dome kilns and drying-floors. 
They utilize waste heat for drying the slurry; and are, therefore, more 
economical in fuel consumption than is the single-dome kiln. They 

* Proc Institution Civil Engineers, vol 62, pp 74-76 1880. 
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are all based on intermittent working of the kiln, however; and in all, 
the dried slurry must be charged into the kiln by hand. 

Six Johnson kilns were installed in 1890 at the plant of the Western 
Portland Cement Company, Yankton, S. D., but some years later were 


ClMrntiey 



Fiu 97 — Plan and section of Johnson kiln (Engineering News ) 


replaced by rotaries. 1 believe that similar kilns were used in the first 
plant at W hi tecl iff s, Ark. 

3. Ring or Hoffmann Kilns. 

The Hoffmann or ring kiln has been used quite extensively in Ger- 
many for burning Portland cement, lime, and bricks, but has never 
come into favor in either England or the United States. It consists 
essentially of a number of chambers arranged in a circle or ellipse around 
a central stack. Three flues lead from each chamber to (1) the cen- 
tral stack, (2) the chamber preceding it in the series, and (3) the chamber 
following it in the series. Each of these flues may be closed at will 
by the insertion of a partition of sheet iron. Each chamber also has 
a door opening to the outside of the kiln and used for charging and 
drawing. 

Assuming that the kiln is entirely empty (a condition which could 
occur only in firing up a newly built kiln), the operations would be as 
follows: Each chamber would be loaded with bricks of dried slurry 
stacked up as in a brick kiln. Slack or other fine coal is fed in at the 
top of the chambers and one chamber is fired. All of the flues in the 
kiln leading to the stack are closed except one, i.e., the flue from the 
chamber behind the one which has been fired. All the inter-chamber 
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flues are open except one, i.e., the flue between the fired chamber and 
the one immediately behind it in the series. The result of this arrange- 
ment is that the hot gases from the fired chamber pass in turn through 
each of the other loaded chambers until they arrive in the chamber 
immediately behind the fire, when they are passed into the central 
stack. The waste heat from the fired chamber is therefore utilized 
to the fullest extent in heating up all the other chambers. 



Fio. 98. — Section of Hoffmann kiln. 


When the slurry in the fired chamber is converted into clinker this 
is allowed to cool. The chamber is then temporarily cut off from the 
rest of the series by closing its flues and the clinker is drawn. In 
the meantime the chamber next to it has been fired. The empty cham- 
ber is recharged and the flues to the central stack and from the chamber 
behind it are opened, thus making the newly filled chamber the end 
term of the series. 
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As noted, the slurry charged into a Hoffmann kiln is necessarily in 
the form of bricks. The expense of partly drying the slurry and mold- 



Fig. 99. — Plan of Hoffmann kiln. 


drawn each day. The output per 
on the size of the chambers. 


ing it into bricks must, therefore, 
be charged against the kiln. 
Taken as a whole the system is 
low in fuel consumption, but 
high in labor cost, especially 
since skilled labor is required 
for all the operations. Usually 
one chamber is loaded and one 
In per day will, therefore, depend 


4. Continuous Shaft Kilns. 

Dietzsch kiln. — In 1884 the Dietzsch kiln was first used in cement- 
manufacture, and its advantages soon became known. It has been 
in use at several American plants, and in the matter of fuel consumption 
is, perhaps, the best type of kiln that can be employed. 

Dietzsch kilns are built in pairs, back to back, as shown in Fig. 100. 
They are 00 to 75 feet high, and consist of a cooling chamber at the 
base D, a fire-chamber or “ creuset ” C, and a preheating chamber A. 
It will be seen that these three parts of the kiln are not all in one ver- 
tical alignment, but that the axis of the preheating chamber, though 
parallel to the axis of the main kiln, is off to one side some distance, 
so that the two portions of the structure communicate by a horizontal 
passage B. 

Aalborg or Schofer kiln. — The Aalborg kiln, soon introduced in 
European cement practice after the success of the Dietzsch kiln had 
proven the possibility of economical continuous kilns, has been used 
at several American plants in a more or less modified form. The kiln 
is shown in section in Fig. 101. It will be seen that it is essentially the 
same as the Dietzsch, except that the preheating chamber, the burning 
space, and the cooling chamber are all in the same vertical line. This 
change, slight in appearance, economizes considerably in labor, for the 
charge descends of itself, without the rehandling necessaiy in the 
Dietzsch kiln. The mix is introduced through the charging opening A } 
while the coal is charged through the chutes (shown in the figure about 
an inch below A). 

In European practice Candlot states that an Aalborg kiln will turn 
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out 10 to 15 tons of clinker per day, with a fuel consumption of 280 lbs. 
coal per ton of product. 



Hauenschild kiln— The Hauenschild kiln is a simple cylinder, 
charged at the top with both fuel and mix. It differs from a cylindrical 
lime-kiln only in having two distinct walls, with a space between. This 
annular space is used either for drying the mix or for heating the air to be 
supplied to the kiln. The result is that the interior lining is kept fairly 
cool, so that the charge does not clinker in masses against the walls, 
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which is the principal 
defect encountered in 
running a vertical kiln 
continuously. 

Schwarz kiln— In a 
recent paper on the man- 
ufacture of Portland 
cement from a mixture 
of slag and limestone C. 
von Schwarz describes 
a kiln used at a Ger- 
man cement plant. This 
kiln, here called the 
Schwarz kiln, is shown in 
partial section in Fig. 
103. It is described as 
follows : 

Each kiln consists, in 
its essential part of a 
scries of rings, each 1 
inch to lj inches in 
thickness, 8^ feet inner 
diameter, and 18 inches 
in height. These rings 
are provided outside with 
ribs, r, Fig. 94, and placed 
in such a way, one above 
the other, that the verti- 
cal ribs cover one another, 
thus forming little ver- 
tical channels c, c, c all 
around, in which the air 
circulates from below to 
the top, like in a chim- 
ney, thus continually 
cooling the cast-iron rings 
from the outside, and 
preventing them from 
getting overheated. The 
materials to be burnt 
are in direct contact 
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with the cast-iron rings, no lining of any kind being provided for. 
There are 18 such rings, put one above the other, the upper rings -where 
the greatest heat occurs — being hooped at the 
joints. The top of each kiln is provided with a 
cone and a chimney made of sheet iron, 3 feet in 
diameter and Ik) feet in height. The com' has 
four charging doors, which can be dosed by 
sheet-iron covers as soon as the charging is 
done. 

At a depth of 12 feet from the top the 
inner diameter of the kiln is lessened to nearly 
half its inner horizontal section, and on this 
zone is provided with a double row of tuyeres 
to admit compressed air, this arrangement hav- 
ing for its object to burn any carbonic oxide or 
carburetted hydrogen gas arising from below 
as completely as possible, as well as to con- 
centrate the heat exactly where it is required, 
viz., on the place where the formation of the 
clinker is to take place. 

Compressed air is also introduced from below in two places. The 
pressed air is produced by a ventilator, the pressure being \ inch to 1J 



Fig 103 — Partial plan 
and section of Schwarz 
kiln (Engineering 
News ) 
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inches of water. One charge consists of 100 bricks and 65 to 70 lbs. 
of coke as fuel; one third of the coke could be replaced, if necessary, 
by anthracite or other small coal. 

As a rule, four kilns are arranged in one set, being piovided with a 
common elevator and a common platform, for all four kilns together. 
They arc surrounded by a scaffolding made of angles and tees, on which 
the staircase to mount the platform is fixed. At the same time cor- 
rugated galvanized sheets are riveted on this scaffolding all round, in 
order to prevent unequal cooling of the furnaces outside in case of rain, 
wind, or snow. 

The principal advantage of a kiln of this description is that, owing 
to the continuous and regular cooling from outside, the fritted clinker 
cannot clog the interior of the furnace*, thus ensuring a regular and 
continuous working of the furnace. The ribs at the same time give 
strength, and prevent the cast-iron rings from warping. Each fur- 
nace produces about 25 tons of woll-burnt. clinker, equal to as much 
finished cement, in twenty-four hours. 

Reference list for fixed kilns. -The design, construction and opera- 
tion of vertical or stationary kilns of various type's are discussed in 
many books and papers on Portland-cement manufacture. The most 
satisfactory of these discussions are included in the following annotated 
Hst of references on the subject: 

Butler, I). B. Portland Cement: Its manufacture, testing, and use. 1899. 
Chapter IV of this volume, pp. 71-102, includes descriptions of the 
dome kiln, Johnson kiln, Batchelor kiln, Dietzsch kiln, and Hoffmann 
kiln. The discussion of the Johnson kiln and its modifications is par- 
ticularly valuable. 

Candlot, E. Ciments ct chaux hydrauliques. 189(8. Fixed kilns of various 
types are well described on pp. 53-71, inclusive. 

Lewis, F. II. The Candlot oscillating grate for cement kilns. Engineering 
Record, May 21, 1898. Description of a grate devised to improve draft 
and prevent balling in shaft kilns. 

Schoch, C. Die moderne Aufbcreitung und Wortung dor Mortel-Matcrialen. 
1896. Pages 124-157 of this volume contain descriptions of various 
improved types of fixed kilns. Those of the Hoffmann, Dietzsch, Stein, 
Hanenschild, and Sehofer kilns are particularly valuable. 

Scott, H. S. D., and Redgrave, G. R. The manufacture and testing of Portland 
cement. Proc. Inst. Civ. Engrs., vol. 62, pp. 67-86. 1880. 

The Johnson kiln and its modifications arc described in considerable 
detail on pp. 74-76. 

Stanger, W. H., and Blount, B. The rotatory process of cement-manufacture. 
Proc. Inst. Civ. Engrs., vol. 165, pp. 44-136. 1901. Valuable data 



CEMENT BURNING: FIXED KILNS. 


410 


on the design, construction, and results obtained from various types 
of fixed kilns will be found on pp. 44, 48, 81, 82, 9t), and 100. 

Von Schwarz, C. The utilization of blast-furnace slag. Journal Iron and Steel 
Institute, 19(X), No. 1, pp. 141-1.12 1900. The Schwarz kiln is de- 

scribed with figures. 

Zwick, H Hydraulischer Kalk und Port land-Cement. 1892 Pages 148- 
184 are* devoted to discussions of kilns and burning practice. The 
Hoffman ring kiln is described in great detail. 



CHAPTER XXXI. 


THE ROTARY KILN 

In the early days of the Port lam 1-cement industry a simple vertical 
kiln, much like that used for burning lime and natural cement, was 
used for burning the Portland-cement mixture. These kilns, while 
fairly efficient so far as fuel consumption was concerned, were? expen- 
sive in labor, and their daily output was small. In France and Ger- 
many they were soon supplanted by improved types, but still stationary 
and vertical, which gave very much lower fuel consumption. Kilns 
of these typos have been discussed in the preceding chapter. In America, 



Fig. 104. — Exterior view of rotary kiln, (Bonnot & Co ) 


however, where labor is expensive while fuel is comparatively cheap, 
an entirely different style of kiln has been evolved. This is the rotary 
kiln. All American and Canadian Portland-cement plants arc now 
equipped with rotary kilns. 

The rotary kiln as at first used in cement-manufacture was adapted 
to dry materials only, while gas or oil were used as fuel. A long scries 
of experiments and improvements have perfected a burning process 
in which finely pulverized coal is used as fuel, while wet mixtures can 
now be fed directly to the kiln. The present condition, in which the 
rotary kiln is adapted to the use of several different types of fuel, and 
to all kinds of Portland-cement mixtures, has been attained only through 
long and earnest effort on the part of American cement-manufacturers. 

The history of the gradual evolution of the rotary is of great interest, 
but as the subject cannot well be taken up here, reference should be 
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made to the papers cited below,* which contain the details of this his- 
tory, accompanied in many eases by illustrations of early forms of rotary 
kilns. 

Summary of burning process. — As at present used, the rotary kiln 
is a steel cylinder, from 5 to 15 feet in diameter; its length for dry 
materials is 00 to 250 feet, while for wet mixtures an 80-foot to 205- 
foot kiln is commonly employed. 

This cylinder is set in a slightly inclined position, the inclination 
being approximately one-half inch to the foot. 'Hie kiln is lined, except 



near the upper end, with very resistant fire-brick, to withstand both 
the high temperature to which its inner surface is subjected and also 
the destructive action of the almost molten clinker. 

The cement mixture is fed in at the upper end of the kiln, while fuel 
(which may be either powdered coal, oil, or gas) is injected at its lower 
end. The kiln, which rests upon geared bearings, is slowly revolved 
about its axis. This revolution, in connection with the inclination 

* Duryee, E. The first manufacture of Portland cement by the direct rotary kiln 
process. Engineering News, July 26, 19(X) 

Eckel, JO C Early history of the Portland-cement industry in New York State 
Bulletin 44, New York State Museum, pp 849-859 1901 

Lesley, R W History of the Port land-cement industry in the United States. 
8vo, 146 pp Philadelphia, 1900 

Lewis, F H. The American rotary kiln process for Portland cement. Cement 
Industry, pp 188-199 New York, 1900 

Matthey, H Tne invention of the new cement-burning method. Engineering 
and Mining Journal, vol. 67, pp 555, 705 1899 

Smith, W A. Manufacture of cement, 1892 Mineral Industry, vol. 1, pp. 49-56 
i893. 

Stanger, W H , and Blount, B The rotatory process of cement-manufacture. 

Proc Institution Civil Engineers, vol 145, pp 44-136 1901 

Editorial The influence of the rotary kiln on the development of Portland-cemeJitt 
manufacture in America. Engineering News, May 3, 1900. 
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at which the cylinder is set, gradually carries the cement mixture to 
the lower end of the kiln. In the course of this journey the intense 
heat generated by the burning fuel first drives off the water and car- 
bon dioxide from the mixture and then causes the lime, silica, alumina, 
and iron to combine chemically to form the partially fused mass known 
as “cement clinker.” This clinker drops out of the* lower end of the 
kiln, is cooled so as to prevent, injury to the grinding machinery, and 
is then sent to the grinding mills. 

Shape and size. — The rotary kilns in use at various plants differ 
considerably in both shape and size. 

As to shape, the simplest and commonest form is that of a cylin- 
der — a straight tube of equal diameter throughout. At many plants, 

however, the kilns are 
tTn , n wider at the lower or 

u 8 'ih ->f discharge end than at 

the stack end. This is 
usually accomplished 
by means of a reduc- 
ing section near the 
middle of tin* kiln, so 
t hat a kiln of this type 
might consist, really of 
a lower section 9 feet, 
in diameter and about 
Fig. 1()() — Di lviiitf im v < , h:tni''in of iotaiy lain 1)9 teet long, an upper 

(Engined mg News ) section 8 feet, in diam- 

eter and 00 feet long, 

and an intermediate reducing section in the shape of a frustum of a 
cone. The theory on which this arrangement is nominally based is 
that the gases, cooling as they near the upper end, should be confined 
in smaller space to keep up their efficiency. As against this we have, 
of course, the equally obvious fact, that the raw mix loses its carbon 
dioxide as it descends the kiln, and therefore takes up less space in the 
lower than in t ho upper section. 

The variations in size are greater and more important than those 
in shape. Until quite recently it could be said that the standard 
dry-process kiln was 00 feet in length and about 0 feet in diameter, while 
in the wet process the length ranged from 60 to 80 feet. These lengths 
had become well established in practice, soon after the rotary kiln list 
proved successful, and for many years it seemed as if practice had become 
fixed in this line at least. 
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made to the papers cited below,* which contain the details of this his- 
tory, accompanied in many eases by illustrations of early forms of rotary 
kilns. 

Summary of burning process. — As at present used, the rotary kiln 
is a steel cylinder, from 5 to 15 feet in diameter; its length for dry 
materials is 00 to 250 feet, while for wet mixtures an 80-foot to 205- 
foot kiln is commonly employed. 

This cylinder is set in a slightly inclined position, the inclination 
being approximately one-half inch to the foot. 'Hie kiln is lined, except 



near the upper end, with very resistant fire-brick, to withstand both 
the high temperature to which its inner surface is subjected and also 
the destructive action of the almost molten clinker. 

The cement mixture is fed in at the upper end of the kiln, while fuel 
(which may be either powdered coal, oil, or gas) is injected at its lower 
end. The kiln, which rests upon geared bearings, is slowly revolved 
about its axis. This revolution, in connection with the inclination 

* Duryee, E. The first manufacture of Portland cement by the direct rotary kiln 
process. Engineering News, July 26, 19(X) 

Eckel, JO C Early history of the Portland-cement industry in New York State 
Bulletin 44, New York State Museum, pp 849-859 1901 

Lesley, R W History of the Port land-cement industry in the United States. 
8vo, 146 pp Philadelphia, 1900 

Lewis, F H. The American rotary kiln process for Portland cement. Cement 
Industry, pp 188-199 New York, 1900 

Matthey, H Tne invention of the new cement-burning method. Engineering 
and Mining Journal, vol. 67, pp 555, 705 1899 

Smith, W A. Manufacture of cement, 1892 Mineral Industry, vol. 1, pp. 49-56 
i893. 

Stanger, W H , and Blount, B The rotatory process of cement-manufacture. 

Proc Institution Civil Engineers, vol 145, pp 44-136 1901 

Editorial The influence of the rotary kiln on the development of Portland-cemeJitt 
manufacture in America. Engineering News, May 3, 1900. 
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sumption of only 65 lbs. of coal per barrel. Sixty-foot kilns, on the 
other hand, usually gave 160 to 180 barrels a day when working on a 
dry limestone-clay mix, and might use 110 to 150 pounds of coal per 
barrel. In the Lehigh district, working on the easily clinkered cement 
rock, results were better, but even here the maximum production could 



Fia, 108 . Raw material storage-bin, with adjustable feeder driven from kiln 
countershaft. (Allis-Chnlmers Co ) 

hardly exceed 225 barrels per day, with a fuel consumption perhaps as 
low as 95 to 120 pounds. 

Such a contrast was too striking to permit much delay in lengthen- 
ing kilns, and at present kilns of 135 to 175 feet in length are common, 
while at a few points even greater lengths are found, up to 225, 250 and 
265 feet. The diameters have increased concurrently, from the old 
5- or 6-foot size up to 8 or 9 feet ordinarily, and 12 or 15 feet exception- 
ally, in current practice. 
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The following data, taken from Mineral Resources U. S., give the 
number of kilns of various lengths installed at American plants in recent 
periods. These are given in Table 176, page 428. 




Fia. 110 — Coal-Feeding Mechanism. 


Kiln size and output. — If we disregard for the moment the question of 
proper burning, and think of the rotary kiln merely as a device for 
delivering material, it will be seen that the output of such a device will 
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depend upon a number of factors. Those which affect output seriously 
arc: 

a. The internal circumference of the kiln; 

b . The slope at which the kiln is set; 

c. The number of revolutions at which it is revolved ; 

d. The condition of the interior surface; 

e. The character — as to flowability- — of the material carried; 

/. The inclination of the upper surface of the charge. 

It will be seen that the length of the kiln does not necessarily nor 
directly enter into the problem in any way, so long as we merely consider 
it mechanically. That is to say, if all other things were equal, a section 
of kiln 10 feet long would deliver the same output per day as a section 
200 feet long. 

Tahoe 170. 

Lengths of Rotary Kilns in American Plants 


Length 

(Feet) 

Is 

umber <>f kilim 


Length 

Number of Kilns 


l!)l. r > 

Hllb 

1‘> 1 7 

191S 

(Feet) 


cm; | ini7 

19 IS 

40 to 00 

99 

12X 

10S 

77 

120 to 1 19 

03 

02 j 05 

03 

01 to 90 

124 

119 

91 

90 

150 to 199 

\ 17 


/ 03 

100 to 109 

SO 

SI 

SI 

105 

200 to 200 

r 7 

UP | |»> 

\ 15 

110 i 

ss 

89 

S3 

05 



; 

1 

120 

99 

109 

ss 

SS 


751 ; 

SOT 1 78!) 

719 

125 

1 IK 

150 

191 

1X3 


i 

i 

j 



But as soon as we go further with the matter, and add the require- 
ment that the output must be properly burned, the length of the kiln 
does enter, as affecting this possibility, through its relation to other 
factors. The additional length makes it possible to use a higher inclina- 
tion, to feed faster, and to revolve the kiln more rapidly — and still get 
a well-burned product. Factors b, c , and / — of the list noted above— 
tend therefore to vary in some fashion with the length of the kiln. 

So, out of the mass of factors which directly affect kiln output, there 
is one — a — which varies directly with the circumference; there are three 
— 6, c, and / — which tend to vary with the length; and there are two 
— d and e — which have no relation whatever to any dimension of the kiln. 

If it were worth the trouble, all of the factors involved could be stated 
with sufficient precision to be used as a basis for a complicated but 
rational formula for kiln output. But for all practical purposes we may 
disregard this possibility, and accept the fact that, given cement mix and 
kiln linings as they are now, and with kiln sizes, slopes and revolutions as 
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in current practice, the well-burned output of a kiln will fall within the 
following limits: 


Barrels per day = D 2 — as a maximum. 


Barrels per day = l) 2 — as a minimum. 
1 . J 12 


In both cases D is the internal diameter of the discharge end of the lined 
kiln, in feet; L is its length, also in feet. 

Kiln linings. — Various materials have been used for the linings of 
rotary kilns, those which have come into more or less extensive use at 
different points being cement clinker, high-alumina brick, bauxite brick, 
and various dolomite, magnesite compounds. 

Of these lining materials, the use of alumina brick may be con- 
sidered to be the standard American practice. In the following tables 
analyses of these products are given. Table 177 contains analyses of 
clays used in the manufacture of high-alumina kiln brick, while analyses 
of the brick are given in Table 178. Tables 179 and 180 contain analyses 
of low-alumina clays and the resulting brick, which have been supplied 
for rotary-kiln linings at several plants. 


Tablk 177. 

Analyses ok IIk.ii-am’MINA ('lays rsin foi< Kiln Rum k 


Silica (SiOj) 

1 :m 

11 52 

13 05 

40 30 

Alumina (Al 2 On) 

40 35 

40 SI 

41 00 

45 00 

Iron oxide ( Fo 2 < > 0 

1 0 So 

1 03 

2 00 

n d 

Lime (CaO) 

! 0 S8 

0 02 

0 10 

n d 

Magnesia (MgO) 

1 0 23 

0 55 

0 20 

n (1 

Carbon dioxide (CO s ) 

! ) F* 41 

12 11 

9 00 

n d 

Water . . 



! 

i »’ i 

7 

K 

Silica (Si(V> 

; 40 SO 

j 42 71 

11 00 

43 52 

Alumina (AljOO 

; 49 00 

38 SS 

12 12 

42 18 

Iron oxide (FC 2 O 3 ) 

! n d 

3 30 

0 SO 

0 42 

Lime (CaO) . 

n d 

0 13 

0 24 

0 25 

Magnesia (MgO) 

| n d 

0 00 

0 10 

0 16 

Carbon dioxide (C0 2 ) 

Water .... 

f} n d 

1 

15 19 i 

14 20 

14 31 


1,2 Olive Hill, Carter County, Ky Analyses from Stow e-Fuller Co 's catalogue, p 25|. 

3! 4, 5 Hayward, Carter County, Ky Ironton Fire-brirk Co 

6. Carter County, Ky Chas Taylor's Sons F W Clarke, analyst Specimen selected by E. C. 


7 Lock Haven, Pa P I, Hobbs, analyst Stowe-Fuller Co ’s eatalogue, p 26J 
8. “ “ “ Crowell and Peck, analysts Stowe-Fuller Co 's catalogue, p 26 J 
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Table 178. 

Analyses op High-alumina Fire-brick for Kilns 



i i 

2 

! 

1 

1 

4 

Silica (SiO,) . 

1 54 

80 

52 

04 

49 

70 

54 03 

Alumina (Al 2 Oa) 

Iron oxide (Fe 2 O lf ) 

} 

74 

44 

84 

47 

80 1 
l 

: 40 45 

I 3 47 

Lime (CaO) 

1 

80 

0 

84 

0 

80 

0 31 

Magnesia (MgO) . . 

0 

02 

0 

88 

0 

SO 

tr. 



r, 

a 

7 

K 

<> 

Silica (SiO*) . . 

! 55 22 

54 38 

58 90 

51 95 

50 44 

Alumina (Al*Oj). . 

41 51 

41 72 

30 30 I 

45 01 

35 81 

Iron oxide (Fc*0*) 


2 84 

3 20 ! 

2 01 

4 79 

Lime (CaO) 


1 00 

1 00 

0 04 

n d 

Magnesia (MgO) 


tr 

tr 

0 29 

n d 


1, 2 “Tyrone” brick, HarbiHon-Walkcr Co H H Turner, analyst 

3 Kentucky Fire Brick Co II S Turner, analyst 

4 Ironton Fire Brick Co F W Clarke, analyst Specimen sele< ted by F C Eckel 

5 “ Analysis quoted by manufacturers 

6, 7. Christy Fire Brick Co 

8. " Munro” brick, Stowe-Fuller Co P I, Hobbs, analyst Catalogue, p 70 

9. Stowe-Fuller Co E. Davidson, analyst 


Table 179 . 


Analyses of Low-alumina Clays Used for Kiln Brick. 


Silica (Si0 2 ) 

55 0 

56 02 

Alumina (A1 2 Oj) . . 

. 30 0 

28 2G 

Iron oxide (Fe 2 0 3 ) . . . 

tr. 

2 18 

Lime (CaO) 

. . tr. 

2 04 

Magnesia (MgO) 

tr. 

0 95 

Alkalies (K 2 0,Na 2 0) 

..20 

n. d. 

Carbon dioxide (C0 2 ) 

Water 

1 13 0 

10 50 


Table 180 . 

Analyses of Low-alumina Brick, Furnished as Kiln Brick 



l 

2 

| 3. 

4 

5 

Silica (Si0 2 ) 

62 58 

63 94 

61 20 

62 92 

72 71 

Alumina (A1 2 0 3 ) 

25 02 

30 14 

29 05 

30 47 

1 22 24 

Iron oxide (FejOs) 

4 76 

3 70 

5 55 j 

4 01 

4 47 

Lime (CaO) 

6 05 

2 20 

n d 

n d 

0 94 

Magnesia (MgO) 

0 85 

tr 

n d 

n. d 

0 42 


The manner in which these bricks are set in lining kilns is shown 
in Figs. 112 and 113. 
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Actual fuel consumption and output. — In the following chapter 
the question of heat requirements and heat distribution in the rotary 
kiln will be discussed in considerable detail. At present it is only 
necessary to state that in burning a dry mixture to a clinker, practi- 
cally all of the heat consumed in the operation will be that required 
for the dissociation of the lime carbonate present into lime oxide and 
carbon dioxide. Driving off the water of combination that is chem- 
ically held by the clay or shale, and decomposing any calcium sulphate 
(gypsum) that may be present in the raw materials, will require a small 
additional amount of heat. The amount required for these purposes 
is not accurately known, however, but is probably so small that it will 
be more or less entirely offset by the heat which will be liberated during 
the combination of the lime with the silica and alumina. We may, 
therefore, without sensible error regard the total heat theoretically 
required for the production of a barrel of Portland cement as being 
that which is necessary for the dissociat ion of 450 lbs. of lime carbonate. 
With coal of a thermal value of 13,500 B.T.U. per pound, burned with 
only the air-supply demanded by theory, this dissociation would require 
about 25 J lbs. of coal per barrel of cement, a fuel c msumption of only 
6£ per cent on the weight of cement produced. 

In actual practice, however, the heat required for cement produc- 
tion is immensely greater than that demanded by theory. This is due 
to the fact that heat is wasted or lost in various ways during the process 
of burning in the rotary kiln. The more important losses of heat occur 
from the fact that the stack-gases and clinker are usually discharged 
at high temperatures; that the air-supply injected into the kiln is always 
greater, and usually much greater, than that theoretically necessary; 
and that much heat is lost by radiation from the exposed surface of 
the kiln. 

Sixty -foot rotary kilns are nominally rated at a production of 
200 barrels per day per kiln. Even on dry materials and with good 
coal, however, such an output is rarely attained. Normally a 60-foot 
kiln working on a dry mixture will produce from 140 to 180 barrels 
of cement per day of twenty-four hours. In doing this, if good coal is 
used, its fuel consumption will commonly be from 120 to 140 lbs. of 
coal per barrel of cement, though it may range as high as 160 lbs., and, 
on the other hand, has fallen as low as 90 lbs. An output of 160 barrels 
per day, with a coal consumption of 130 lbs. per barrel, may therefore 
be considered as representing the results of fairly good practice on dry 
materials. With longer kilns, however, much better results are obtained, 
as will be noted later. 
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In dealing with a wet mixture, which may carry anywhere from 
30 to 70 per cent of water, the results arc more variable, though always 
worse than with dry materials. In working a 00-foot kiln or a wet 
material, the output may range from 80 to 140 barrels per day, with 
a fuel consumption of from 150 to 230 lbs. per barrel. Using a longer 
kiln, partly drying the mix, and utilizing waste heat will, of course, 
improve these figures materially. 

When oil is used for kiln fuel, it may be considered that one gallon 
of oil is equivalent in the kiln to about 10 lbs. of coal. The fuel con- 
sumption, using dry materials, will range between 10 and 14 gallons 
of oil per barrel of cement; but the output per day is always some- 
what less with oil fuel than where coal is used. 

Natural gas in the kiln may be compared with good Pennsylvania 
or West Virginia coal by allowing about 20,000 cubic feet of gas as 
equivalent to a ton of coal. This estimate is, however, based upon 
too little data to be as close as those above given for oil. 

The figures given in Table 181, below, are believed to be entirely 
reliable. They are of interest as showing what can actually be expected 
from kilns under average management, as distinguished from the 
expectations which embellish company prospectuses and the reports 
of “ cement experts.” With the exception of A, B, and J, the mills 
here listed are good average plants. Mill results A and B are from 

Table 181. 


Actual Output and Fuel Consumption at Vahioub Plants. 


Mill 

Materials 

Prnr< sb. 

Per Cent 
of Water 
in Mixture 

Length 

of Kiln, 
Feet 

Output 
per Day, 
Barrela 

Coal per 
Barrel, 
Pounds 

A 

Cement rock 

Dry 


60 

225 

105-113 

B 




SO 

260 

9.5-100 

c 

< t u 



60 

100-180 

109-175 

D 

<< “ 



150 

350 

62-75 

E 

Limestone and shale 

“ 


60 

170 

100 

F 

<< u 1 1 

11 


60 

? 

105 

G 

a ( < u 

“ 


60 

? 

122 

H 

u a i i 



60 

185 

130 

I 

n a a 



00 

170 

135 

J 

Marl and clay 

Wet 

60 

110 

135 

? 

K 

Marl and shale 

1 ‘ 

50 

70 

145 

? 

L 

n u a 


60 

60 

85 

? 

M 

U 1 1 a 

“ 

50 

60 

120 

0 

N 

Marl and clay 

tl 

30 

60 

125 

173 

O 

“ 1 

35 

60 

100 

160 

P 

u << it 

“ 

65 

60 

80 

180-210 

Q 

Limestone and clay 

< < 

35 

60 

100 

200-220 

R 

(< it a 


30 

60 

140 

180 
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one of the best of the Lehigh district plants, while J is perhaps the 
best of all marl-plants. Excluding these three, it will be seen that the 
production per kiln per day is considerably lower, and the fuel con- 
sumption much higher, than is usually allowed for. 

The differences in composition between Portland cement mixtures 
are very slight if compared, for example, to the differences between 
various natural cement rocks. But even such slight differences as 
do exist exercise a very appreciable effect on the burning of the mix- 
ture. Other things being equal, any increase in the percentage of lime 
in the mixture will necessitate a higher temperature in order to get 
an equally sound cement. A mixture which will give a cement carry- 
ing 59 per cent of lime, for example, will require much less thorough 
burning than would a mixture designed to give a cement with 64 per 
cent of lime. 

With equal lime percentages, the cement carrying high silica and 
low alumina and iron will require a higher temperature than if it were 
lower in silica and higher in alumina and iron. But, on the ot her hand, 
if the alumina and iron are carried too high, the clinker will ball up 
in the kiln, forming sticky and unmanageable masses. 

Fuel consumption and output, long kilns. — The preceding two pages 
have been allowed to stand as in the first edition of this volume, because 
they are fairly representative of practice with short kilns, and because 
we have still in service several hundred such kilns. It may be added 
that recent data indicate that there has not been much improvement in 
average practice so far as those short kilns are concerned; they do not 
produce much more cement than they did fifteen years ago, and they 
use just about as much coal per barrel of cement. The gains have come 
through the adopt ion of longer and larger kilns. 

So far as output of clinker per kiln-day is concerned, these gains have 
been enormous. In place of the old kiln unit giving 200 barrels per 
day or commonly less, American practice has reached 1000 to 1500 
barrels per day per kiln, with kilns 175 to 250 feet long, and 9 to 15 feet 
in diameter. This increased output per unit has of course brought about 
a decrease in the labor-cost of cement burning, but it will be well not 
to take that saving too seriously. It is doubtful if under the best con- 
ditions it has amounted to over one cent per barrel, for the long as 
against the short kiln, for average results over a long period of time. 

With regard to fuel consumption, the case is more complicated, 
because the long kilns have shown a slight gain in economy for certain 
mixes and a very great gain for others. In general the dry mix shows 
the least gain by lengthening the kiln; it is questionable if there is any 
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necessary difference, between an 80- and a 200-foot kiln, of as much as 
10 lbs. of coal per barrel. 

With the wet mix, however, the improvement in fuel consumption 
due to using a long kiln reaches its maximum effect; it has been suf- 
ficient to make the wot process again a commercial possibility. With 
60- or 80-foot % kilns there was a tremendous difference in fuel consump- 
tion as well as in output, as between the dry and the wet mix, as is 
shown in Table 181. This difference tends to disappear as longer kilns 
are used; there is some suggestion, from the results attained by one or 
two American and European plants, that with kilns 2(X) foot and longer 
there is very little difference indeed between wet. and dry mixes. 

Factors in kiln economics. — In order to get an idea as to the trend of 
future progress in kiln practice, it will be well to summarize very briefly 
the chief economic factors which affect the solution. In doing this we 
will use round figures throughout; it is a matter in which any pretense 
at extreme accuracy becomes ridiculous. 

In an earlier chapter we have soon that the heat actually needed 
for the chemical work done in the cement kiln amounts to less than 
400,000 B.T.E. per barrel of cement -an amount which could be fur- 
nished theoretically by the consumption of not over 30 lbs. of good coal. 
As against this wo know that at present, very good practice with long 
kilns does not average much better than a coal supply of 80 lbs. per 
barrel. The gap left to fill between tin 1 possible and the actual consump- 
tion is therefore 50 lbs. of coal per barrel; with coal at $2 this 
amounts to five cents, with coal at 8 1 to ten cents per barrel of cement. 

The distribution of the coal fed to the kiln, according to the work it 
does or the way in which it is wasted, is in current practice about as 
follows; 


Coal used in chemical work. 

:«) 11*. 

Ileat carried out by clinker. 

'20 Iks. 

Heat lost in gases and radiation. 

00 lbs. 

Total coal supplied to kiln. 

80 lbs. 


We have therefore three possible methods of further economy; (1) 
economics in the kiln itself, (2) the saving of heat at the stack, and (3) 
recovery of clinker heat. All of these are possible, but some are more 
attractive than others. 

As to the kiln itself, we seem to have reached and, in many cases, 
passed the point of maximum fuel economy, so far as size is concerned. 
The data available would suggest that there is no serious gain in fuel 
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by using kilns over 175 feet long on a dry mix; for a wet mix this is not 
true, and for that we might tentatively suggest that 225 to 250-foot 
kilns still show some slight fuel saving over shorter lengths. 

The saving of stack heat, and stack dust incidentally, seems to 
promise further economies; it can be best accomplished perhaps if we 
recur to European design, and employ a single stack for tjie kiln-group 
rather than the shorter individual stacks used in America. Along with 
the recovery of waste heat at this point come the related problems of 
saving dust and alkalies; all of which are profitable. 

Recovery of clinker-heat is the most obvious of the possible economies, 
and it is consequently the one on which greatest progress has been made. 
Its advantages and its limitations are suggested elsewhere. 



CHAPTER XXXII. 


IIEAT CONSUMPTION AND HEAT UTILIZATION. 

An investigation of the ways in which the heat supplied to the kiln 
is utilized and wasted is a matter of both theoretical and practical 
importance. It can readily be seen that until some idea can be gained 
of the relative importance of the different causes of loss of heat, little 
can be done to prevent this waste or to utilize the heat so dispersed. 
An exact knowledge of the distribution of the total heat supplied to 
the kiln would therefore be of great service to the manufacturer. 

In the present chapter the writer has attempted to present such 
data on this subject as are available, and to discuss them in such a 
way as to bring out the relations of the various factors in the problem 
of heat distribution. Attention is drawn, whenever necessary, to any 
doubts as to the accuracy of the data employed. 

Theoretical Heat Requirements. 

In order that a raw mixture shall be converted into cement clinker 
in the kiln, sufficient heat must be applied to bring about the necessary 
physical and chemical changes. The purposes for which this heat is 
required are : 

(1) Evaporation of the water of the mix. 

(2) Decomposition of the clay. 

(3) Dissociation of sulphates. 

(4) Dissociation of carbonates. 

(5) Heating the mix to elinkering point. 

Of these five requirements, it is to be noted that the first four are 
for accomplishing chemical changes, and that the heat supplied for 
these purposes is entirely absorbed in doing chemical work. This is 
not true with regard to the fifth requirement — the heating of the mix — 
for the heat used for this purpose, after it has once served its purpose, 
still remains as sensible and therefore utilizable heat. Most of it, in fact, 
passes out in the clinker. 
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In a perfect kiln the only heat required would he that sufficient 
to accomplish the first four operations in the above list, for in a theo- 
retically perfect burnihg device there would be no loss by radiation, 
the stack-gases would be cold, and the clinker heat would be utilized. 

In actual practice, however, a very large amount of heat is carried 
out with the stack-gases, radiated from the exposed surfaces of the 
kiln, and carried out in the hot clinker. 

Heat utilized in evaporation of water. — It is obvious that any water 
contained in the charge must be evaporated, and the steam thus formed 
must be raised to the temperature of the stack-gases. It is here that 
the great difference in economy between the dry and wet methods 
of mixing is shown. 

In the dry method the total water (mechanically held and combined) 
contained in the charge will rarely rise above 2 ] per cent, of which 
about 2 per cent may be combined in the clay and \ per cent held 
mechanically. The products in the dry process, when working with a 
60-foot kiln, issue from the stack at a temperature of about 1500° F. 
= 815° C. When a longer kiln is employed, and the trend of present 
practice seems to be in the direction of 100-foot or even longer cylin- 
ders, the stack temperatures will be correspondingly reduced. With 
a 100-foot kiln it seems probable that they can be kept down at least to 
1000° F. 

In the wet process, on the other hand, the cliaige usually contains 
about GO per cent of water, though in a few plants this is kept down 
to 30 or 40 per cent. The stack temperatures are, however, much 
lower than in the dry process, ranging from about 800° F. with a GO-foot 
kiln to 450° or so in a 100-foot kiln. This partly counterbalances the 
loss of heat due to the high percentage of water. 

Using these data as a basis, 'Table 182 has been prepared to show 
the amount of heat required for simply evaporating the water from 
three different types of mixture, in kilns of two different lengths. 


Table 182. 

Heat Used in Evaporation of Water 


Process 

Kiln 

Length, 

Feet 

Stack 

Temperature 

IVr Cent 
Water 

Pounds 
Water per 
Bui rel 

B T IJ Used per 
Barrel 

Dry 

GO 

1500° F 

21 

ir> 

23,367 

100 

1000° F 

21 

15 

21,079 

Wet'.’...’.!. ! 

60 

800° F 1 

1 30 

272 

365,650 

< < 

100 

150° F. 

30 

272 

336,630 

t ( 

GO 

800° F. 

GO 

900 

1,209,870 

1 1 

100 

450° F. 

GO 

1 

900 

1,113,840 



HEAT CONSUMPTION AND HEAT UTILIZATION 


439 


Heat utilized in decomposition of clay .—An unknown, though prob- 
ably small, amount of heat is required to dissociate the clayey portion 
of the mix. No exact data on this point are known to the writer, but 
the amount so utilized will probably be covered if we estimate all the 
water which is really chemically combined with the clay as being jnechan- 
ically held water. This course has been followed in the present esti- 
mates. On this assumption, even a dry mix will carry about 2\ per cent 
of water, and this amount has been accordingly allowed for in the 
previous paragraph and in Table 171. 

Heat utilized in dissociation of sulphates. — A certain amount of heat 
is taken up in dissociating any lime sulphate (gypsum) present in the 
raw mix. Newberry Inis taken this as requiring 1890 B.T.l . per pound 
of SO 3 . In marl plants the percentage of sulphates present may rise 
to notable quantity, but in most other plants they are negligible. 
In the present discussion the assumptions will be made that the average 
dry mix carries 0.3 per cent of sulphur trioxide, and that the usual wet 
mix may carry 1 per cent. The total amount of heat required for the 
dissociation of sulphates will therefore be: 

Dry im\ 000 lbs XQ3%X 1890= 3,102 B T U per barrel 

Wet mix . . “ “ XI 0 r ; X 1890= 11,310 

Heat utilized in dissociation of carbonates. -The most important 
heat requirement by far is that for the dissociation of the carbonates 
of the charge. 

The values assumed by Richards for the dissociation requirements 
of the two carbonates are. 

Liberation of 1 kilo ( ’( ) 2 from ('a( '<), = 990 calories 

“ “ 1 “ C () a “ MgCOj = 407 “ 

These are referred to Berthelot. They correspond respectively to 
the two values of : 

Dissociation of 1 pound OaCO* requires 781 B T U. 

“ “1 “ MgCOj “ 381 " 

These values will be accepted in the following calculations for 
the sake of uniformity, though Ostwald * quotes from Thomsen a 
value corresponding to 705 B.T.U. for the dissociation of 1 lb. of lime 
carbonate. If this latter value were accepted, the quantities given in 
the table below (175) should be reduced about 2\ per cent. Other values 
for these dissociation constants have been quoted by various authorities, 

* Lehrbuch der allgemeinen Chemie, vol II, pt. 1, p. 272. 
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with a much wider range, but for the present purpose those first noted 
will be satisfactory enough. 

Temperature required for clinkering. — Widely differing statements 
have been made as to the temperature required in order to clinker the 
average Portland-cement mixture. 

Carpenter, in testing the Cayuga plant noted later* determined 


Table 183. 

Heat Used in Dissociation of Carhonates per Barrel Cement 


Percentage 


Percentage of Lime 

(CaO) in Mixture 


MgO in 







Mixturo. 

40%. 

41% 

42%. 

43% 

44%. 

45%. 


n t u. 

B T U 

B T U 

B T U 

BTU 

BTU 

0 

333,234 

342,144 

351,054 

359,964 

368,874 

377,784 

1% 

338.362 

347,272 

356,182 

365,092 

374,002 

382,912 

2% 

312,758 

351,668 

360,578 

369,488 ! 

378,398 

387,308 

3% 

347,154 

356,064 

364,974 

373,884 

382,794 

391,704 

4% 

351,550 

360,460 

369,370 

378,280 

) 387,190 

1 

396,100 


the kiln temperature by optical methods. The temperature in the 
kiln when working under best conditions, as determined by the Noel 
optical pyrometer, varied from 2250° F. near the discharge end to 2950° 
F. about 20 feet from the lower end, and about 1800° F. at the upper 
end. The temperature in the burning zone seemed to average about 
2850° F., and the temperature of the entire kiln on the inside seemed 
to average nearly 2500° F. 

For ordinary purposes of calculation, it may be assumed that 1400°- 
1500° C., or 2500°-27(X)° F., is about the necessary temperature in 
rotary kilns under present conditions for an average mixture. Varia- 
tions in the composition of the mixture would, of course, change the 
clinkering point — for a low-limed high-alumina mix will clinker at a 
considerably lower temperature than will a mix high in lime and 
silica. 

It is also true that to a certain degree longer exposure to the heat 
will be equivalent in effects to higher temperature. In stationary 
kilns, for example, where the charge may be exposed for days to the 
heat, the requisite temperature is much less than in the modern rapid 
practice with the rotary kiln. 

Heat utilized in heating the mix. — One of the important uses of 
the kiln heat is in simply heating the mix up to the point at which it 
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will clinker. Fortunately, this can be determined with sufficient 
accuracy for all practical purposes. 

Whatever the percentage of the water present, the dry portion of 
the mix will be about 600 lbs. for each barrel of cement. This 600 lbs. 
of material must be raised from the temperature of the air — say 60° F. 
— to about 13Q0° F. At this latter temperature the carbon dioxide, 
sulphur trioxide, etc., will have been driven off; and this will reduce 
the weight to 380 lbs. This 380 lbs. of quicklime and clay must now 
be raised to a temperature of about 2600° F., at which clinkering will 
take place. 

Assuming that the above data are substantially correct, and that 
the specific heat of the mix is about 0.22, the heat required for the simple 
heating of the mix to the clinkering point can be calculated as follows: 


Per Barrel 
B T U 

600 lbs mix heated 60° to 1300°, spec heat 0 22=1260X0 22X000=106,320 
380 “ “ “ 1300° to 2000°, “ “ 0 22 = 1300X 0 22 X 380= 108,680 

Total heat required, B T U . . 275,000 

This estimate is probably above what is actually required, for the 
temperatures, weights and specific heat have all been taken on the 
safe side. The actual heat requirements are probably close to 250, (XX) 
B.T.U. for this part of the operation. 

In running an actual test of a kiln this quantity could be checked 
roughly by the amount of heat contained in the clinker as it leaves 
the kiln. In other words, a barrel of clinker carries out with it almost 
as much heat as was required to clinker the raw mix for that 
barrel. 

As pointed out on a previous page (p. 437), the heat required for 
bringing the mix up to the clinkering point is not utilized in causing 
chemical changes, and can therefore be utilized again. In this respect 
it differs from the heat required for dissociating the carbonates and 
sulphates, decomposing the clay, etc. — for in these cases the heat 
is absorbed in doing chemical work and cannot be regained. For 
this reason it will be convenient to omit, from the total thermal require- 
ments, the heat used in heating the mix up to the clinkering point; 
and to consider it rather in its outgoing form as heat carried out by the 
clinker. 

Total heat requirements. — The data given in preceding pragraphs 
may now be conveniently summed up as in the table below. The basis 
for the various figures may be seen by referring back to earlier pages. 
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Table 184. 


Theoretical Heat Requirements in B.T.U. per Barrel. 


Process 

Water in mix 

Stack-gases 

Dry 
21% 
1500° F 

Dry 
21% 
1000° F 

Semi-wet 
30% 
800° F 

Wet 

60% 

450* F. 


B TIT 

B T U. 

BTU 

[ BTU. 

Evaporation of water 

23,367 

21,079 

365,650 

1,113,840 

Dissociation of sulphates 

3,402 

3,402 

11,340 

11,340 

Dissociation of carbonates 

369,488 

369,488 

369,488 

369,488 

Total heat required 

396,257 

393,969 

746,478 

1,494,668 

Coal theoretically necessary, lbs per bbl. 

28 

28 

53 

107 

Coal actually used, lbs per obi . ... 

120 

85 

115 

150 


Heat Losses in Practice. 

In practice with the rotary kiln, there arc a number of distinct sources 
of loss of heat, which result in a fuel consumption immensely greater 
than the theoretical requirements given above. The more important 
of these sources of loss are the following: 

(1) The kiln gases are discharged at a temperature much above 
that of the atmosphere, ranging from 300° F. to 2000° F., according 
to the type of materials used and the length of the kiln. 

(2) The clinker is discharged at a temperature varying from 200° F. 
to 2500° F., the range depending as before on materials and length 
of the kiln. 

(3) The air-supply injected into the kiln is always greater, and 
usually very much greater, than that required for the perfect combus- 
tion of the fuel, and the available heating power of the fuel is thereby 
reduced. 

(4) Heat is lost by radiation from the ends and exposed surfaces 
of the kiln. 

(5) The mixture in plants using a wet process carries a high per- 
centage of water, which must be driven off. 

It is evident, therefore, that present-day working conditions serve 
to increase greatly the amount of fuel actually necessary for the pro- 
duction of a barrel of cement above that required by theory. 

The extent of these losses, compared with the amount of heat actu- 
ally used, can be seen from the following comparison of various esti- 
mates and tests, all relating to a 60-foot kiln on dry material: 
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Table 185. 

Utilization and Losses of Heat in Rotary Kilns. 



lhcharda 

Carpenter 

HelbiK 

Newberry j 

Eekel 

Average. 


Per Cent 

Per Cent 

Per Cent 

Per Cent 

Per Cent 

Per Cent. 

Total heat supplied to kiln 

100 00 

100 00 

100 (X) 

100 00 

100 00 

100 00 

Heat utilized ? 

19 75 

2d 43 

25 50 

25 54 

23 59 

23 57 

Heat lost in clinker 

10 72 

14 09 

12 01 

15 47 

| 

13 07 

Heat lost in stack-gases 

72 4G 

47 42 

50 24 

Id 02 


53 43 

Heat lost by radiation . 

-4 40 

15 07 

4 SS 

15 d8 


7 72 

Minor heat losses 

1 54 

0 (X) 

7 dl 

0 00 

J 

2 21 


Heat carried out in flue dust.— A considerable amount of line dust 
is carried out of the kiln by the hot gases. This flue dust, deposited 
wherever the air current is checked, may amount to from \ to 3 per 
cent of the total amount of mix charged to the kiln. 

The composition of the flue-dust is a matter of considerable indus- 
trial importance. It is composed of the lighter and finer particles of 
the cement mix and the ash, plus a certain amount of material deposited 
from the stack-gases. This last factor includes in some cases a large 
percentage of alkali salts, whose recovery has been developed as a profit- 
able by-product in recent years. 

Sources of Heat-supply. 

To counterbalance the heat utilized and the heat wasted, as above 
noted, heat is always supplied to the kiln from two sources, and occa- 
sionally from two other sources. The invariable sources of supply are: 

(1) A large and well-known supply is derived from the combustion 
of the fuel fed to the kiln. 

(2) A smaller and very poorly defined supply is obtained from 
exothermic chemical combinations which take place in the kiln during 
clinkering. 

Supplies from these two sources are necessarily received in every kiln. 
In addition, however, heat inay be supplied from 

(3) Regeneration of the clinker heat. 

(4) Utilization of the heat in the stack-gases. 

Heat supplied by combustion of fuel. — The most important source 
of the heat supplied to the kiln is, of course, the burning of the fuel 
injected into it. This can be estimated accurately enough, for any 
given kiln, if the composition of the coal and the amount of coal used 
per barrel of cement are known. It must be borne in mind, however, 
that any defects in the coal-feeding arrangements, or deficiencies in 
the fineness of coal grinding, should not properly be charged against 
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the efficiency of the kiln, but against the efficiency of the superintendent. 
In calculating the heat supplied to the kiln by combustion of fuel the 
assumption is always made that the coal is ground as fine as is econom- 
ically possible, and that the injecting apparatus gives perfect combus- 
tion. Actually we know that neither of these assumptions is ever quite 
justified and that in some mills both are very incorrect. « 

If the best bituminous coal from western Pennsylvania or West 
Virginia be used, a theoretical heating value of 14, (XX) B.T.U. per lb. 
may be assumed: but the coals used in practice often fall very far short 
of this. Such a coal, used at the rate of 120 lbs. per barrel of cement, 
would give a heat supply of 1,680,000 B.T.U. per barrel. This is prob- 
ably about equal to the average practice with 60-foot kilns on a dry 
mixture of limestone and clay. With longer kilns, under specially 
favorable circumstances, a fuel consumption of 90 lbs. per barrel may 
be expected, corresponding to a heat supply of 1,260,000 B.T.U. per 
barrel. With the wet process a fuel consumption of 160 lbs. per barrel 
is rather better than the average. This corresponds to a heat supply 
of 2,240,000 B.T.U. per barrel. These three estimates have therefore 
been used in making up the summary table. 

Heat supplied by chemical combinations. — It is undoubtedly true 
that a considerable quantity of heat must be liberated when the lime 
and magnesia combine, at the clinkering temperature, with the silica, 
alumina and iron oxide, and that in this way considerable heat is added 
to that derived from the fuel. Unfortunately, however, we have no 
very definite knowledge as to the exact chemical combinations which 
taken place during clinkering, and lacking such knowledge any estimate 
of the amount of heat thus liberated must be considered as merely a 
wild guess. 

Both Helbig and Richards, in the papers previously cited, have 
quoted Berthelot on this point as giving the following data for the heat 


liberated during this combination: 

1 kilogram lime (CaO) liberates 530 calories 

1 “ magnesia (MgO) liberates 827 “ 

These figures, changed into English measures, are: 

1 pound lime (CaO) liberates 954 B.T.U, 

1 “ magnesia (MgO) liberates 1489 “ 


For convenience these figures might be adopted in discussion, but both 
the reader and experimenter must bear in mind that they represent 
very doubtful assumptions, and are accepted merely because no better 
data are obtainable. In the present discussion of the subject no esti- 
mate of this type will be used. 
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Heat derived from the clinker. — A large part of the heat carried out 
in the hot clinker may be used to heat the incoming air. In Carpenter’s 
experiments a little less than half of the clinker heat was thus utilized, • 
but other experimenters have claimed 80 to 90 per cent efficiency for 
various types of clinker-heat regenerators. The amount of heat thus 
returned to the kiln might therefore vary from 90,000 to 175,000 B.T.U, 
per barrel of cement. 

Heat derived from the stack-gases. — Heat may also be taken from 
the stack-gases and used to heat either the raw material or the air- 
supply. Usually, however, stack-gas heat when utilized is used in the 
power department of the mill rather than in the kiln. 

Estimates and Tests of Heat Distribution. 

Various estimates of the heat requirements of cement-manufacture 
have been presented by different authors, and several actual tests have 
been made of heat distribution in the rotary kiln. The principles on 
which these calculations are based have been discussed in the preceding 
pages, and the estimates and tests in question will now be presented 
for comparison. 

Newberry’s estimates. — Some years ago Prof. Newberry published 
a discussion of the question of fuel consumption which leaves little to 
be desired even in spite of recent changes in rotaiy practice. His 
results arc summarized in Table 180. 


Tablk 180. 

Newberry’s Estimates on Heat Distribution in Kilns. 



Vertical Kiln 

Rotary Dry ProcesK 

Rotary Wet Process 

a T U 

Per Cent 

r t r 

l’er Cent 

h t r 

Per Cent 

Evaporation of water 

14,498 

3 7 

20,832 

3 3 

827,424 

59 3 

Liberation of sulphates 

11,340 

2 8 

11,340 

1 8 

11,310 

0 8 

Dissociation of carbonates 

344,250 

88 9 

344,250 

.54 7 

344,250 

24.6 

Heating of mix and clinker 



228,000 

36 3 I 



Heating of C0 2 and SOs from 





213,312 

15.3 

mix 

16,646 

4 6 

24,480 

3 9 j 



Total B.T U required 

386,734 

100 0 

628,902 

100 0 

1,396,326 

100 0 

Lbs. coal required per 







bbl , theoret air-s ’ply 

31 0 


66 9 


120 0 | 


Lbs coal required per 







bbl , 50% excels air 

32 1 


82 2 


; 128 7 1 


Lbs coal actually used 






in practice. . 

42-46 

1 ' 

110-120 

1 

1 1 

1.50-160 
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Helbig’s estimates. — Very recently Mr. A. B. Helbig has discussed 
this question, but only incidentally to a subject of more importance, i.e., 
the utilization of waste heat. Mr. Helbig’s figures, slightly rearranged 
for convenience of comparison, will be found in Table 188 on 
page 449. 

Results of actual tests. — It might be supposed that actual tests of 
the thermal efficiency of the rotary kiln could be reaefily made, and 
that the results of these testst would afford data of great value to the 
manufacturer. To a certain extent this is true, but, unfortunately, the 
results afforded by such tests require interpretation, and this in turn 
requires that certain chemical constants — so called by courtesy — should 
be employed as bases. These constants are, for example, the heat of 
dissociation of the carbonates and the sulphates, of the decomposition 
of clay, of the formation of lime silicates and aluminates, etc. The 
error into which most experimenters fall is to assume that these con- 
stants are quite accurately known. As a matter of fact, even the sim- 
plest of them — the heat of dissociation of lime carbonate — is given a 
variation of almost 50 per cent by different chemists of about equal 
standing; while the heats of formation of the ^jlicatcs, etc., are much 
less certain constants. 

In reporting and discussing actual tests, or in reading the reports 
of such tests, it must, therefore, be borne in mind that the assumptions 
which are necessarily made are based, in large part, on determinations 
of more than questionable accuracy. 

Two such tests have been recently published, by Richards and Car- 
penter respectively, and are summarized below. 

Richard’s tests. — Prof. J. W. Richards tested a 60-foot rotary at 
the Dexter Portland Cement Company plant, Nazareth, Pa. The 
cement mixture and the resulting clinker are said to have had the fol- 
lowing composition: 



Haw Mix 

Clinker 

Silica (SiOj) 

Alumina (\l 8 O0 

Iron oxide (FejOd 

Lime (CaO) 

Magnesia (MgO) 

Carbon dioxide (C0 2 ) 

Water 

13 38 

} 6 04 { 

41 96 j 

1 53 

34 65 

0 43 

21 27 

6 42 

3 18 

66 70 

2 43 


The clinker “ analysis ” must evidently have been calculated from 
the raw mix, and not obtained by direct analysis. 
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A proximate analysis of the kiln coal — bituminous stack from Fair- 
mount, W. Va. — gave: 

Volatile matter 
Fixed carbon 
Ash 

Moisture 

The following ultimate composition of the coal was assumed from 
average analyses of coal from that region of similar proximate com- 
position. 


Carbon 

73 GO 

Hydrogen 

5 30 

Nitrogen 

1 70 

Sulphur 

0 75 

Oxygen 

10 00 

Moisture 

0 60 

Ash 

8 05 


“ The kiln turns out an average of 303,5 lix. of elinkered cement 
per hour from 5980 lbs. of material fed to it, producing 200 lbs. of flue- 
dust, equal to 3.35 per cent of the weight of mixture charged. The coal 
used averages 110 lbs. per barrel of cement produced.*' 

The temperature of the clinker falling out of the lower end of the 
kiln was measured by the Le Chatelier pyrometer, and determined to 
be 1200° C. =2192° F. The temperature of the waste gases, deter- 
mined 4 feet below the top of the stack, was 820° C. or 1508° F. The 
sensible heat in the clinker (leaving the kiln at 1200° C.) was determined 
by a calorimeter as 290 kilogram calories per kilo =522 B.T.U. per 
pound. The waste gases in the stack analyzed as follows: 


38 10 
53 24 
8 06 
0 60 


Carbon dioxide 
Oxygen 

Carbon inono j !,» 
Sulphur di > ,i le 
Water 
Nitrogen 


10 2 
. 11 8 

0 2 

not determined 


It will be noted that part of these preliminary data were deter- 
mined by direct experiment, while others apparently are “ averages," 
or otherwise of less value than experimental results. This, unfortu- 
nately, throws doubt upon some of the results obtained, as noted below. 
At the close of his paper, after making the necessary calculations, Mr. 
Richards summarized his results. This summary, recalculated to 
calories and B.T.U. per barrel, is presented below. 
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Table 187. 

Summary op Richards' Tests of Rotary Kilns. 



Heat-units per Barrel. 


Calories 

B T U. 

Per Cent. 

Heat Supply. 

Theoretical heating power of the fuel 

Heat of combination of the clinkering materials 

I 

395,000 
71,410 j 

1,567,460 

283,355 

84 7 

15 3 

Heat Distribution 

Heat carried out by hot clinker 

Heat in waste *u*{“ “Z’" 

Heat in the flue-dust 

Loss by imperfect combustion 

Evaporation of water of charge . . . 

Dissociation of the carbonates . 

Loss by radiation, etc. (by difference) 

466,410 

50,025 

170.000 

168.000 
1,056 
6,124 

723 

10,814 

59,668 

1,850,815 

198,499 
674,560 
666,625 
4,190 
24,300 
2,869 | 
42,910 | 
236,862 

100 0 

10 7 

36 1 

36 0 

0 2 

1 3 

0 2 

2 3 

12 8 


466,410 

1,850,815 

100 0 


In regard to Richards' results it may be said that the use of such a 
large excess of air is not normal practice, either in the Lehigh district 
in general or at the Dexter plant in particular. It is further doubtful 
whether a kiln run so wastefully as this one appeal’s to have been could 
make good cement with a fuel consumption as low as 110 lbs. per barrel. 
These questions throw doubt on the calculated loss of heat in the waste 
gases. The amount allowed for dissociation of the carbonates is appar- 
ently only about one-tenth of what should be allowed, owing to an 
arithmetical error. When this error is corrected, the “ loss of heat by 
radiation " is made a minus quantity. In Table 188 below, this cor- 
rection has been made, but Richards’ estimates as to waste gases are 
left unchanged. 

Carpenter’s tests. — Prof. R. C. Carpenter tested two rotary kilns 
at the plant of the Cayuga Portland Cement Company, near Ithaca, 
N. Y. The test was made primarily to determine the efficiency, not of 
the kilns, but of a boiler designed to utilize their waste heat. 

The coal used in the kilns was Westmoreland (Pa.) slack of the 
following composition and heating value: 

Moisture 2 19 

Volatile matter . . 32 9 

Fixed carbon . . . . 54 66 

Ash . 10 25 

B.T.U. per pound 14,022 
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At the time of test the two kilns were taking together 1889 lbs. 
coal per hour, producing 21.2 barrels of clinker, equal to a coal con- 
sumption of 89.1 lbs. per barrel. This low find consumption is attained 
in part by the use of waste heat from the clinker as shown in the table 
below. 

Carpenter'!* paper, as originally published, contained a number of 
serious typographic errors, which the author has kindly corrected on 
the copy sent to me. In the table below I have therefore made use 
of these corrected results, so that the second column of this table 
(193) will be found to differ considerably from that given in the 
original. 

It will be seen that Richards’ results, when corrected for the carbon- 
ate requirements, leave no room for radiation losses. 

For my own detailed estimates on most of those points, the reader 
is referred back to pages 438-442. 


Taulk 188. 

Tests and Estimates of IIeat Distribution, HTIJ ter Bhl 



lhrhnrdH 

Carpenter 

llelhig 

Newberry 

Heat from combustion of coal 

1,567,400 

1,217,641 

992,000 

1,474,000 

“ drawn from clinker cooler 

96,273 

149,348 


“ derived from chemical com- 
bination 

2X5,355 

132,456 

240,770 

? 

Total heat supplied 

1,850,815 

1,476,370 

1,382,118 

1,474,000 

Heat used in evaporation of water 

2,809 

14,302 

3,214 

20,832 

“ “ “ dissociation of sul- 

phates 


1 1,233 

4,500 

11,340 

“ “ “ dissociation of car- 

bonates 

362,524 

320,253 

345,625 

344,250 

Heat discharged m clinker * 

“ “ stack-gasas, nec- 

essary products 

Heat discharged m stack-gases, ex- 

198,199 

207,999 ; 

165,942 

228,000 

674,560 

i 

1 700,093 

694,400 

f 462,940 

cess air 

666,625 

J 

| 180,000 

Heat discharged as CO (imperfect 
combustion) 

Heat discharged in flue-dust. 

“ “ by radiation, etc 

' 24,300 

1 4,190 

I 

222,490f 

14,134 

67,4561 

226,638 § 

Total heat distributed 

1,933,567 

1,476,370 

1,295,271 

1,474,000 


* Roughly equivalent to the heat nereHaary to bring the mix up to the elinkermg point. 

! By difference 
By calculation 

Does not check, owing in part to temperature allowance*. 
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Heat Utilization and Economics. 

Much of the* heat carried out by the* clinker and the stack-gases is 
recoverable with some ease, while that lost by radiation from the kiln 
is not so re*adily utilized. Helbig and Carpenter have described methods 
of waste-heat utilization in the papers cited on p. 451, to which refer- 
ence should be made for further details. 

Carpenter, in discussing his Cayuga tests, notes that “at the time 
of the test that portion of tin* air not supplied by the coal-feeding appa- 
ratus was forced by a special blower through the hot clinker and thence 
into the kiln. By this regenerative action about SO per cent of the enter- 
ing air was heated to 480° 1C, restoring to the two kilns about 2, (XX), 000 
B.T.U. per hour, or about 7 per cent of the heat, produced by the com- 
bustion of the coal. The regenerator, while distinctly economical, made 
the clinker elevators difficult to keep in order and tended to deliver 
dust into the kiln-room; it also took up valuable room and after a 
few months of use was abandoned. The test, shows, however, the 
value of conserving the waste heat from the clinker by heating the 
entering air.” As the clinker of t I k* two kilns during this test carried 
out 4,409,540 B.T.U. per hour, and the clinker regenerator returned 
2,041,000 of this, its efficiency was It). if per cent. 

At, a (lernian Port land-cement plant where the stack-gases are used 
in drying the raw mat (‘rials, a large amount of very fine (hits settles 
from the stack-gases in the drying chamber. This dust has been exam- 
ined * by Seger and Kramer, and found to consist of 40. 05 per cent 
of insoluble 1 and 50.05 per cent of soluble matter. The insoluble matter 
gave: silica, 01.4 per cent; alumina, 1 1.7 pm - cent; iron oxide, 4.9 per 
cent; lime, 00.8 per cent; magnesia, 1.0 per cent; loss on ignition, 0.9 
per cent. The soluble portion consisted of potassium sulphate 01. 1 per 
cent, and potassium carbonate, 08.9 per cent. Calculating these pro- 
portions to percentages of t I k* tot d dust, we have: 


Silica (Si() 2 ) 10 71 

Alumina (AkOi) 0 12 

Iron oxide (Fe^L) 2 14 

Lime (CaO) 10 0) 

Magnesia (MgO) 0 57 

Potash eaihonate 01 40 

Potash sulphate 21 02 

Loss on ignition 1 70 


* Journ Soe Chem Industry, vol 23, p 001 June 30, 1904. 
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At the time of test the two kilns were taking together 1889 lbs. 
coal per hour, producing 21.2 barrels of clinker, equal to a coal con- 
sumption of 89.1 lbs. per barrel. This low find consumption is attained 
in part by the use of waste heat from the clinker as shown in the table 
below. 

Carpenter'!* paper, as originally published, contained a number of 
serious typographic errors, which the author has kindly corrected on 
the copy sent to me. In the table below I have therefore made use 
of these corrected results, so that the second column of this table 
(193) will be found to differ considerably from that given in the 
original. 

It will be seen that Richards’ results, when corrected for the carbon- 
ate requirements, leave no room for radiation losses. 

For my own detailed estimates on most of those points, the reader 
is referred back to pages 438-442. 


Taulk 188. 

Tests and Estimates of IIeat Distribution, HTIJ ter Bhl 



lhrhnrdH 

Carpenter 

llelhig 

Newberry 

Heat from combustion of coal 

1,567,400 

1,217,641 

992,000 

1,474,000 

“ drawn from clinker cooler 

96,273 

149,348 


“ derived from chemical com- 
bination 

2X5,355 

132,456 

240,770 

? 

Total heat supplied 

1,850,815 

1,476,370 

1,382,118 

1,474,000 

Heat used in evaporation of water 

2,809 

14,302 

3,214 

20,832 

“ “ “ dissociation of sul- 

phates 


1 1,233 

4,500 

11,340 

“ “ “ dissociation of car- 

bonates 

362,524 

320,253 

345,625 

344,250 

Heat discharged m clinker * 

“ “ stack-gasas, nec- 

essary products 

Heat discharged m stack-gases, ex- 

198,199 

207,999 ; 

165,942 

228,000 

674,560 

i 

1 700,093 

694,400 

f 462,940 

cess air 

666,625 

J 

| 180,000 

Heat discharged as CO (imperfect 
combustion) 

Heat discharged in flue-dust. 

“ “ by radiation, etc 

' 24,300 

1 4,190 

I 

222,490f 

14,134 

67,4561 

226,638 § 

Total heat distributed 

1,933,567 

1,476,370 

1,295,271 

1,474,000 


* Roughly equivalent to the heat nereHaary to bring the mix up to the elinkermg point. 

! By difference 
By calculation 

Does not check, owing in part to temperature allowance*. 
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Heat Utilization and Economics. 

Much of the* heat carried out by the* clinker and the stack-gases is 
recoverable with some ease, while that lost by radiation from the kiln 
is not so re*adily utilized. Helbig and Carpenter have described methods 
of waste-heat utilization in the papers cited on p. 451, to which refer- 
ence should be made for further details. 

Carpenter, in discussing his Cayuga tests, notes that “at the time 
of the test that portion of tin* air not supplied by the coal-feeding appa- 
ratus was forced by a special blower through the hot clinker and thence 
into the kiln. By this regenerative action about SO per cent of the enter- 
ing air was heated to 480° 1C, restoring to the two kilns about 2, (XX), 000 
B.T.U. per hour, or about 7 per cent of the heat, produced by the com- 
bustion of the coal. The regenerator, while distinctly economical, made 
the clinker elevators difficult to keep in order and tended to deliver 
dust into the kiln-room; it also took up valuable room and after a 
few months of use was abandoned. The test, shows, however, the 
value of conserving the waste heat from the clinker by heating the 
entering air.” As the clinker of t I k* two kilns during this test carried 
out 4,409,540 B.T.U. per hour, and the clinker regenerator returned 
2,041,000 of this, its efficiency was It). if per cent. 

At, a (lernian Port land-cement plant where the stack-gases are used 
in drying the raw mat (‘rials, a large amount of very fine (hits settles 
from the stack-gases in the drying chamber. This dust has been exam- 
ined * by Seger and Kramer, and found to consist of 40. 05 per cent 
of insoluble 1 and 50.05 per cent of soluble matter. The insoluble matter 
gave: silica, 01.4 per cent; alumina, 1 1.7 pm - cent; iron oxide, 4.9 per 
cent; lime, 00.8 per cent; magnesia, 1.0 per cent; loss on ignition, 0.9 
per cent. The soluble portion consisted of potassium sulphate 01. 1 per 
cent, and potassium carbonate, 08.9 per cent. Calculating these pro- 
portions to percentages of t I k* tot d dust, we have: 


Silica (Si() 2 ) 10 71 

Alumina (AkOi) 0 12 

Iron oxide (Fe^L) 2 14 

Lime (CaO) 10 0) 

Magnesia (MgO) 0 57 

Potash eaihonate 01 40 

Potash sulphate 21 02 

Loss on ignition 1 70 


* Journ Soe Chem Industry, vol 23, p 001 June 30, 1904. 
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Table 189. 

Analyses of Kiln Coals 



i l 



3 

; 4 

5 

Volatile matter 

| 32 90 

38 

io ! 

31 38 

! 35 41 

35 

26 

Fixed carbon 

54 tit) 

53 

24 

58 23 

50 15 

50 

33 

Sulphur # 

n d 

n i 

ll 1 

n d j 

1 30 

1 

34 

Ash 

10 25 j 

8 

00 1 

9 42 j 

0 30 

7 

06 

Moisture 

2 19 | 

0 

00 

1 03 | 

2 08 

1 

35 


j « 1 

7 

, 

s 

9 

10 

Volatile matter 

39 52 

39 

37 

31 87 

37 41 

38 

00 

Fixed carbon 

51 09 

55 

82 

51 05 

53 72 

51 

72 

Sulphur 

1 40 ; 

0 

42 , 

n d 

it d 

1 11 

d 

Ash 

0 13 

3 

SI 

5 22 

5 50 

1 5 

38 

Moisture 1 

1 1 to 

1 ! 

1 

00 

11 80 

3 334 

1 4 

1 

90 


1 Westmoreland, Pa , slack, used at Cayuga Cement Co , Portland Point, N \ U (' Carpenter. 

Cement, vol 5, p 1904 

2 Fairmount, W Va , slack, used at Dexter Portland Cement Co , Naiareth, Pa J W Richards. 

Cement, vol 5, p 30 

3 Fairmount, W Va , slack, used at Alpha Portland Cement Co , Alpha, N .1 F E Walker, 

analyst 

4 West Virginia slack, used by Wolverine Portland Cement Co at Coldwater, Mich H. E. 

Brown, analyst 22d Ann Rep U S Gcol Sur , pt 3, p 076 
. r > West Virginia Black, used by Wolverine Portland Cement Co at Quincy, Mich H E Brown, 
analyst 22d Ann Ren V S C.eol Sur , nt 3,n 67f> 

(> WoHt Virginia slack, used ny Peninsular Portland Cement Co , Cement City, Mich, J G. 
Dean, analyst 22d 4nn Rep V K Geol Sur , pt 3, p (>7. r » 

7 Pennsylvania slaek, used by Omega Portland Cement Co , Jonesvillc, Mich 22d Ann Rep. 

I 1 S Geol Sur , pt 3, p 676 

8 Ohio coal, used by Wellston Portland Cement Co , Wellston, Ohio W 8 Trueblood, analyst. 
9, 10 Ohio coal, used by Ironton Portland Cement Co , Ironton, Ohio C D Quick, analyst 


The following analyses of West Virginia kiln coals have been grouped 
in Table 190 as representing a long series of shipments from one field. 
They are typical of the better grade of our New River gas-coals. In 
future all our eastern industries will come to depend more and more on 
West Virginia coals and cokes. 


Table 190. 


Analyses of Kiln Coals, West Virginia 



l 

2 

3 

4 

5 

0 

7 

Volatile matter 

40 02 

41 66 

39 05 

39 83 

42 .50 

37 42 

40 62 

Fixed carbon 

53 80 

52 51 | 

54 93 

51 47 

55 14 

51 13 

53 13 

Sulphur * 

1 97 

1 86 

1 62 

1 99 




Ash 

6 12 

5 83 

5 42 

8 70 

8 43 

4 18 

6 26 

BTU 

14,225 

14,352 

14,510 

13,836 





1,2, 3. 4 Shipments of Gas-coal Island Creek, New River field W Va Analyses by R E Rosco, 
Chemist Virginia Portland Cement Co , Fordwick. Va 
5,6,7 Results on six months’ shipments, same coal and analyst Col 5 gives highest reached by 
each constituent at any time; Col 6 lowest; Col 7 the average for entire six month*. 
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Table 191. 

Analyses of Kiln Coals, Central United States. 



l. 


.3 

i 

5 

6 

7. 

Volatile matter. 

36 32 

29 90 

33 87 

30 50 

3 4 98 

35 40 

33 30 

Fixed carbon 

49 54 

,50 35 

52 85 

54 90 

53 70 

50 70 

54 45 

Sulphur 

n d 

n cl 

4 51 

3 91 

n d 

4 38 

n d 

Ash . 

14 14 

19 75 

13 27 

14 90 

11 32 

13 90 

12 25 

B.T.U 

12,893 

11,499 

12,441 

12,150 

12.910 

12,395 

12,233 


s 

9 

10 

11 

12 

13 

14 

Volatile mat ter . 

32 15 

33 97 

32 12 

32 59 

31 19 

31 71 

30 59 

Fixed carbon 

54 90 

53 95 

48 48 

52 80 

51 04 

49 21 

42 39 

Sulphur. 

4 25 

4 83 

3 87 

1 25 

2 80 

1 20 

3 32 

Ash . . 

13 25 

12 37 

19 10 

10 23 

12 91 

12 82 

19 93 

Moisture 

n d 

n d 

n <1 

3 12 

2 37 

5 09 

9 77 

B T U 

11,990 

12 181 

11,928 






15 

in 

17 

is 

19 

20 

21 

Volatile matter 

32 29 

30 21 

31 19 

29 54 

29 81 

30 81 

31 40 

Fixed carbon 

11 18 

45 17 

44 15 

45 43 

45 99 

44 40 

43 70 

Sulphur 

9 10 

9 02 

9 19 

9 19 

5 80 

9 14 

9 03 

Ash 

20 07 

21 19 

21 43 

21 98 

22 25 

22 99 

22 90 

Moisture 

3 19 

3 50 

2 99 

3 35 

2 38 

2 13 

2 30 

BTU 

10.971 

11,297 

10,591 

10.990 

10,793 

10,935 

10,593 


22 

23 

31 


2(i 

27 

28 

Volatile matter 

30 81 

31 45 

31 19 

30 31 

30 35 

29 30 

28 35 

Fixed carbon 

51 91 

55 95 

1 55 70 

[ 55 99 

55 77 

53 5 4 

53 93 

Sulphur 

2 89 

2 40 

2 78 

! 3 04 

3 28 

3 52 

3 92 

Ash 

9 37 

8 90 

10 33 

9 89 

9 33 

11 59 

12 52 

Moisture 

2 0 

1 90 

1 75 

1 07 

1 27 

2 08 

1 58 

B.T.U 

13,219 

13,103 

13.379 

13,388 

13.890 

12,552 

12,493 


2') 

30 

31 

32 

33 

" .ii ! 

3" 

Volatile matter 

32 78 

32 49 

33 97 

33 18 

34 00 

33 94 

34 49 

Fixed carbon 

47 98 

50 35 

49 31 

40 31 

49 21 

45 93 

45 53 

Sulphur 

4 42 

4 10 

5 29 

5 32 

5 92 

5 12 

5 23 

Ash . 

18 31 

19 10 

18 79 

19 24 

18 27 

18 85 

19 08 

Moisture . . . 

1 20 

1 09 

0 99 

1 27 

1 58 

1 58 

0 90 

BTU 

12,207 

12,555 







3(5 

37 

38 

39 

10 

n 

42 

Volatile matter. 

33 89 

32 95 

32 85 

34 78 

37 44 

37 44 


Fixed carbon 

Hi 14 

19 40 

52 49 

49 72 

50 21 

55 42 


Sulphur 

1 71 

5 40 

n d 

n d 

n d 

n d 


Ash 

18 33 

19 00 

11 24 

13 50 

8 80 

3 74 


Moisture 

1 97 

1 95 

3 45 

2 00 

3 55 

3 '40 



1 -6 St Charles^ Ky 

7. Broadway, Ky. 

8, 0 Lucerne, Kv 

10 Nelson, Kv (l- 10, Kosmos P C Co) 

11-14 West Fiankfort, III (Cape Girardeau P C Col 
15-21 Dos Moines distuet, Iowa (Hawkeve P C Co) 
22-28 Pittsburgh, Knn (Asli C.rove P C Co ) 

29-30 Pittsburgh, Kansas (Iola P C Co ) 

31-37. Mineral, Kansas (Dewey P C Co ) 

38-41. Henryetta, Okla (Oklahoma P C Co) 
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Table 189. 

Analyses of Kiln Coals 



i l 



3 

; 4 

5 

Volatile matter 

| 32 90 

38 

io ! 

31 38 

! 35 41 

35 

26 

Fixed carbon 

54 tit) 

53 

24 

58 23 

50 15 

50 

33 

Sulphur # 

n d 

n i 

ll 1 

n d j 

1 30 

1 

34 

Ash 

10 25 j 

8 

00 1 

9 42 j 

0 30 

7 

06 

Moisture 

2 19 | 

0 

00 

1 03 | 

2 08 

1 

35 


j « 1 

7 

, 

s 

9 

10 

Volatile matter 

39 52 

39 

37 

31 87 

37 41 

38 

00 

Fixed carbon 

51 09 

55 

82 

51 05 

53 72 

51 

72 

Sulphur 

1 40 ; 

0 

42 , 

n d 

it d 

1 11 

d 

Ash 

0 13 

3 

SI 

5 22 

5 50 

1 5 

38 

Moisture 1 

1 1 to 

1 ! 

1 

00 

11 80 

3 334 

1 4 

1 

90 


1 Westmoreland, Pa , slack, used at Cayuga Cement Co , Portland Point, N \ U (' Carpenter. 

Cement, vol 5, p 1904 

2 Fairmount, W Va , slack, used at Dexter Portland Cement Co , Naiareth, Pa J W Richards. 

Cement, vol 5, p 30 

3 Fairmount, W Va , slack, used at Alpha Portland Cement Co , Alpha, N .1 F E Walker, 

analyst 

4 West Virginia slack, used by Wolverine Portland Cement Co at Coldwater, Mich H. E. 

Brown, analyst 22d Ann Rep U S Gcol Sur , pt 3, p 076 
. r > West Virginia Black, used by Wolverine Portland Cement Co at Quincy, Mich H E Brown, 
analyst 22d Ann Ren V S C.eol Sur , nt 3,n 67f> 

(> WoHt Virginia slack, used ny Peninsular Portland Cement Co , Cement City, Mich, J G. 
Dean, analyst 22d 4nn Rep V K Geol Sur , pt 3, p (>7. r » 

7 Pennsylvania slaek, used by Omega Portland Cement Co , Jonesvillc, Mich 22d Ann Rep. 

I 1 S Geol Sur , pt 3, p 676 

8 Ohio coal, used by Wellston Portland Cement Co , Wellston, Ohio W 8 Trueblood, analyst. 
9, 10 Ohio coal, used by Ironton Portland Cement Co , Ironton, Ohio C D Quick, analyst 


The following analyses of West Virginia kiln coals have been grouped 
in Table 190 as representing a long series of shipments from one field. 
They are typical of the better grade of our New River gas-coals. In 
future all our eastern industries will come to depend more and more on 
West Virginia coals and cokes. 


Table 190. 


Analyses of Kiln Coals, West Virginia 



l 

2 

3 

4 

5 

0 

7 

Volatile matter 

40 02 

41 66 

39 05 

39 83 

42 .50 

37 42 

40 62 

Fixed carbon 

53 80 

52 51 | 

54 93 

51 47 

55 14 

51 13 

53 13 

Sulphur * 

1 97 

1 86 

1 62 

1 99 




Ash 

6 12 

5 83 

5 42 

8 70 

8 43 

4 18 

6 26 

BTU 

14,225 

14,352 

14,510 

13,836 





1,2, 3. 4 Shipments of Gas-coal Island Creek, New River field W Va Analyses by R E Rosco, 
Chemist Virginia Portland Cement Co , Fordwick. Va 
5,6,7 Results on six months’ shipments, same coal and analyst Col 5 gives highest reached by 
each constituent at any time; Col 6 lowest; Col 7 the average for entire six month*. 
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Disregarding the lime, magnesia, etc., which may be looked upon as 
accidental impurities, the relation between coal ash and ordinary clays 
is about as follows, expressed in terms of their silica-alumina-iron ratios: 

Silica Alurmna Iron Oxide 

Clay or shale 6:2: 1 

Coal ash 4:2:3 

It can be seen readily that if coal ash of this type be added either 
intentionally or accidentally to the mix, the result will be not only to 
increase the clayey component as a whole, but to change its character. 
It gives us, in effect, a powerful fluxing agent for an over-silicious clay or 
shale. 

References on coal fields. — The following reports contain data on 
the distribution and character of the world’s coal supplies in general, 
and on those of the United States and Canada in particular. 

General. The Coal Resources of the World. 12th Inter. Geol. Con- 

gress, 4to, 3 vols. and atlas, 1256 pp. Ottawa, 1913. 
Canada. Dowling, J). B. Coal Fields and Coal Resorces of Canada. 

Memoir 59, Canadian Geol. Survey, Svo, 174 pp. Ottawa, 
1915. 

Porter, J. B., and others. Investigation of the Coals of 
Canada. Canadian Dept, of Mines. Svo, 6 vols. Ottawa, 
1912. 

United States. Campbell, M. R., and others. The Coal Fields of the 
United States. Prof. PajxT 100, U. S. Geol. Survey; in 
course of separate publication. 

Hayes, C. W., and others. Coal Fields of the United States. 
22d Ann. Report, U. S. Geol. Survey, pt. Ill, pp. 7-571. 
1901. 

Parker, E. W. Coal Fields of the United States. Mineral 
Resources of the U. S. for 1910, pt. II, pp. 98-242. 1911. 

Crushing. — Coni may be bought in the shape of slack, lump or run- 
of-mine. In the former case no preliminary crushing is required, for 
the slack can be readily handled by ball mills, Griffin mills, or Williams 
mills. When slack is bought, therefore, it is sent direct to the drier 
and then to the fine-reducing mills. But when lump or run-of-mine 
are purchased the coal can profitably be crushed before being sent 
to the drier. 

In such cases the preliminary crushing seems to be accomplished 
most effectually by rolls. Figs. 114 and 115 show rolls adapted to this 
kind of work both being made by the Allis-Chalmers Co. The rolls 
shown in Fig. 114 are very coarsely toothed, and are intended for use 
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on large lump or run-of-mine coal. They arc 24"X30" in size and 
can conveniently reduce large lump to about 1- or 2-inch size. In Fig. 
115 a set of 24"X18" plain-faced disintegrating rolls are shown. These 
will handle coal up to say, 4- to 6-inch size, and reduce it economically 








Fig. 114 — Coarse, toothed rolls for lump coal. (Allis-Clmliners Co ) 


to. | or 5 inch. Finer than this it is hardly profitable to go, for 1-inch 
coal is readily dried and is of convenient size for either ball, Griffin, 
or Williams mills. 



Fig 115. — Rolls for coal-crushing. (Allis-Chalmers Co ) 


Drying* coal. — Coal, as bought, may carry as high as 15 per cent 
of water in winter or wet seasons; usually, it will run from 3 to 8 per 
cent. To secure good results from the crushing machinery it is neces- 
sary that this water should be driven off. For coal drying, as for 
the drying of raw materials, the rotary drier seems best adapted to 
American conditions. Several types of these driers are discussed on 
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pp. 375 and 592. It should be said, however, that in drying coal it is 
not safe to allow the products of combustion to pass through the 
cylinder in winch the coal is being dried. This restriction serves to 
decrease slightly the possible economy of the drier, but an evapo- 
ration of (i to 8 pounds of water per pound of fuel coal can still be 
counted on with any good drier. The fuel cost of drying coal con- 
taining 8 per cent of moisture, allowing $2 per ton for the coal used 
as fuel, will therefore be about 3 to 4 cents per ton of dried product. 

Pulverizing coal. -Though apparently brittle enough when in large 
lumps, coal is a difficult material to pulverize finely. For cement-kiln 
use, the fineness of reduction is very variable. The finer the coal is 
pulverized the better results will be obtained from it in the kiln, and 
the poorer the quality of the coal the finer it is necessary to pulverize 
it. The fineness attained in practice may, therefore, vary from 85 per 
cent through a 100-mesh sieve to 95 per cent or more through the 
same. At one plant a very poor but cheap coal is pulverized to pass 
98 per cent through a 100-mesh sieve, and in consequence gives very 
good results in the kiln. 

Coal-pulverizing at. American cement plants shows still very wide 
variations in practice as to machinery used. At a number of plants 
the entire pulverizing, after the first coarse grinding of the coal, is car- 
ried out in one stage, one of the high-speed reducers like the Griffin, 
Huntingdon, Fuller-Lohigh or Raymond mills -being used to grind 
and finish the coal. At other mills a two-stage process is used, a ball 
mill or high-speed mill being used for reduction to say 20-mesh, and the 
finishing being complete in lube mills. In either case the tendency is 
toward finer and finer grinding of the coal, particularly in the districts 
where the coals obtainable are of poor grade. 

Power and output in coal-grinding. — There is probably greater 
diversity in coal-grinding practice than in the grinding of either raw 
material or clinker. Grinding machines of many different types are 
in use; the coal reaches the plant in various sizes from slack to lump, 
and is ground to different finenesses. All this makes it difficult to esti- 
mate closely on the power requirements and output of the coal-grind- 
ing mill, but the following data may be of use in this connection. 

A Williams mill employed at an Illinois cement-plant, working on 
Illinois coal from the dryer and preparing it for the tube mills, ground 


six tons of coal per hour to 

the following 

fi nones 

s: 


Mesh of sieve . ... 

20 

50 

100 

200 

Per cent residue . 

6.0 

13 3 

76.2 

87 3 

Per cent passing . . 

. . . . 93.1 

56 7 

23.8 

12.7 
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If tho results of this test be compared with those given commonly 
by the same mill working on raw materials, it will be seen that coal 
is very readily crushed to 20-mesh, and quite easily to 50-mesh. But 
the percentages of coal passing the 100-mesh and 200-mesh sieves 
respectively are very much lower than the percentages of raw mix 
passing the same sieves. 

A Griffin mill grinding coal from rolls or small crushers will reduce 
about two tons per hour to a fineness of 95 per cent through a 100- 
mesh screen, taking 25 to 30 H.P. in doing so. 

Slack coal for three kilns is ground at one plant in a single No. 16 
Davidsen tube mill, the product being about three tons per hour. 



Fig. 117. — Smidth bull-mill, Exterior. 

The above data show a considerable variation in the power required 
for coal-grinding, the performances quoted being equivalent to power 
consumptions of from 5 to 15 H.P. hours per ton of coal ground. If we 
take coarse grinding and pulverizing together, it is probable that the 
total power used per ton of coal reduced to kiln fineness will range from 
10 to 20 H.P. hours. 

Total cost of coal preparation. — The total cost of crushing (if neces- 
sary), drying, and pulverizing coal, and of conveying and feeding the 
product of the kiln, together with fair allowances for replacements and 
repairs, and for interest on the plant, will probably range from about 20 
to 30 cents per ton of dried coal for four-kiln plant. This will be 
equivalent to a cost of from 3 to 5 cents per barrel of cement. While 
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this may seem a heavy’ addition to the cost of cement manufacture, it 
should be remembered that careful drying and fine pulverizing enable 
the manufacturer to use much poorer, and therefore cheaper, grades of 
coal than could otherwise be utilized. 

The coal used at American plants costs from 80 cents to $2.50 per 
ton delivered at the mill, according to the quality of the coal and the 
location of the mill. These prices are of course quoted on the 1900 1915 
price level. 

It is probably safe to say that if a plant is so located that coal will 
cost over $4 per ton, and no oil or gas is obtainable, the rotary kiln 
is too expensive for use. Under such fmd conditions it is probably 
best to install stationary kilns of one of the improved designs described 
in Chapter XXXI. This is particularly tin* cast' in regions of low 
wages. 

Fire and explosion risks. — ' The coal-handling end of tin* plant is 
subject to two quite distinct, though related, kinds of risks from 
explosion and fire respectively. Precautions must lie taken to guard 
against both of these dangers. 

Explosions may occur when finely divided powdered coal is given 
free access to air. In order to keep as little powdered coal on hand as 
possible, the coal mill is usually run so as to just supply the kilns. This 
has some inconveniences, but it lessens the risk. During grinding 
care must be taken to prevent the use of exposed lights or even motors, 
which arc apt to spark, in the coal-pulverizing building. The methods 
of supplying coal to the kiln should give as little access to air as possible. 
Separation by blowing is, of course, inadmissible, as was emphasized 
by the fatal results at the Edison plant in 1908. 

In addition to the risk of explosion from coal-dust, there is always 
the chance that coal stored in bulk will heat up and cause a disastrous 
fire. 

The following statement regarding coal storage has boon recently 
published * by F. M. Griswold, General Inspector to the Home Insurance 
Company, of New York: 

“ The quantity stored in any one pile, heap, pocket, or bunker should 
in no case exceed 1500 tons. When a greater quantity must be stored 
there should be a clear space of at least 5 feet between the piles, and that 
space should be maintained absolutely free for ventilation and disper- 
sion of gases from the mass. 

“ No accumulation of coal of 1500 tons or less should be piled in 
excess of 12 feet in height, when trimmed off, or squared, but where 
* Engineering and Mining Journal, vol. 77, p. 725. 1904. 
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such accumulation is delivered from dump-cars on a trestle over 12 
feet in height., the extreme height of the pile formed by the natural run 
of the coal as dumped may Ik* Id foot, but not more. 

“ Where coal is stored under shelter, there should be perfect ventila- 
tion, to facilitate; escape of gas by circulation of the atmosphere. 

“ Wot coal, (‘specially that wetted by snow and ice, should be dis- 
posed for immediate use; if its storage* be; n<‘ce*ssary, it should be placed 
at the top of the* pile* and be* spread out as thinly as practicable, in order 
to expedite* drying. 

“ All accumulations of coal, large* or small, should be ‘ rod-tested * 
with frequency and regularity, in order to discover any tendency toward 
dangerous heating, I lie* danger-point being set at about 100° F. If that 
temperature* be* reached, the* exact locality of increasing he*at may bo 
d(*t.ormin<*d by inserting an iron pipe*, into which a se*lf-registering ther- 
mometer can be* lowereei, allowing if to remain for sufficient time to 
re*cord the full intensity of the* heating.” 

List of references on coal drying, grinding, etc. 

Bartlett, C. 1) The burning of pulverized coal. Journ. Assoc. Engineering 
Societies, vol. 31, pp. -1 P 4S. 1903. 

Doane, A O. The; spontane*ous ignition of coal. Engineering News, vol. 52, 
p. 141 Aug. IS, 1904. 

Frazier, W. II. Fire* hazards in Portlanel-cement mills. New York Journal 
of Oomme'rce, April, 1901 

Griswold, F. M. Specifications for storage* of bituminous coal. Engineering 
and Mining Journal, vol. 77, p. 725 1901 Engineering News, vol. 52, 

pp. 109-410. Nov. 10, 1901 

Blizzard, J. Preparation, transportation and combustion of powdered coal. 

Bulletin 504, Canadian l)e*pt Mine's. Ottawa, 1921. 

Carpenter, 1L 0. Pulverized coal burning m the cement industry. Jour. Am. 
Soc. Mcch. Engrs., Oct., 1914. 


Oil. 

Petroleum was e*arly used in Ne*w York and Pennsylvania as a fuel 
for rotary kilns, but was gradually supplanted by powdered coal. At 
pre.se*n t no Eastern plants use* oil as filed. In the* West, however, where 
good gas coals are* unobtainable at reasonable price's, oil is now in use 
at four Portlanel-e*(*ment plants. 

From 10 to 14 gallons of oil are* require*el in Western practice to 
burn a barre'l of cement ; a safe eslimate is that one barrel of oil (42 gal- 
lons) will burn three barrels of cement. Tests on long series of crude 
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petroleums from various fields and countries show fuel values ranging 
between 16,000 and 20,000 B.T.U. per pound. 

List of references on petroleum. -The papers on petroleum contained 
in the following list are of interest either as containing discussions of the 
fuel value of petroleum, or as describing certain oil fields whose' product 
is at present utilized in Port land-cement manufacture: 

Bacon, R. F., and I lamer, W A. The American jietroleum industry. 8vo, 
2 vols. New York, 1916. 

Clapp, F. (1 Petroleum and natural gas resources of Canada. Svo, 2 vols. 

Canadian Dept, of Mines. Ottawa, 191 1 
Emmons, W. II. Geology of jietroleum <S\o, (>10 pp New Yoik, 1921. 
Hager, D. Practical oil geology. 12mo, 2.V1 pj> New York, 1919. 
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* Fig 118 — Kirkwood gas-burner 

Natural Gas. 

Use of natural gas in kilns. Natural gas has been used as a kiln 
fuel in several Kansas plants and at one in Ohio. As a kiln fuel it 
is satisfactory enough, giving as much results per B.T.l . as does a 
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good coal. Apparently, however, a gas-fired kiln cannot be pushed 
as hard as a kiln using coal, though the data are insufficient to give 
any decisive evidence on this point. 

Analyses and thermal value.— The following analyses, made * by 
Prof. E. II . S. Bailey, will serve to give some idea of the composition 
of natural gas from a number of Kansas localities. 


Tahlk H)3. 


Analyses of Natural Gas, Kansas 



lola 

Indo- 

penil- 

Cherry- 

vale 

CofTey- 

ville 

Paola. 

Oflaawat- 

omic 

Hydrogen (II) 

0 (K) 

0 00 

0 (K) 

0 00 

0 00 

0 00 

Oxygon (()) 

0 15 

I rare 

0 22 

0 12 

0 45 

trace 

Nitrogen (N) 

7 70 i 

d 2K 

5 91 

2 21 

2 34 

0 60 

Carbon monoxide (CO) 

1 2d 

0 dd 

1 10 

0 91 

1 57 

1 3d 

Carbon dioxide (( ’( h) 

0 90 

Oil 

0 22 

0 00 

0 dd 

0 22 

Ethylene series ((bib, etc ) 

0 00 

0 07 1 

0 00 

0 d5 

0 11 

0 22 

Marsh-gas (CIL) 

S9 00 

95 2S | 

92 40 

90 41 

95 20 

97 63 


Tamlk 194. 


Thermal Values of Natural Gas 


State 

Field 

M T r 

p(‘r 
( hihic 
Foot 

Stat(> 

Field 

n t u 

per 

C ubic 
Foot 

Indiana 

Anderson 

1021 

Pennsylvania 

East Liberty 

592 

‘ ‘ 

Kokomo 

lOdO 

t i 

Grapeville 

823 

“ 

Marion 

1021 

1 1 

891 

‘ ‘ 

Mancie 

1019 

i i 

Harvey 

990 

Kentucky 

IiOiusviIle 

9d9 

i i 

I^eechburg 

1073 

New York. . 

Glean 

1071 

i i 

St Joe 

1170 

1 1 1 1 

Ohio 

West Rloomlield 

998 

West Virginia 

Fairmount . 

1137 

Findlay 

1100 

< < ii 

Lumberport 

1131 

lt 

Fostoria 

1020 

< < ii 

Morgantown. 

1143 

“ . . . . 

1010 

i< ii 

Shinnston 

1141 

a 

St Mary’s 

1 02S 

ii ii 

i l 

1144 

Pennsylvania 

Cherry Tree 
Creighton 

840 

1025 

ii ii 


1065 


* “Mineral Resources of Kansas for 1897/’ p. 52. 
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List of references on natural gas.— -Of the following papers, those 
marked with an asterisk are of interest as discussions of the fuel value 



of natural gas, while those unmarked contain data on its utilization in 
the Iola district. 

Adams, G I , and others Economic goologv of the Iola quadrangle, Kansas. 

Bulletin 25S, II. S. Geological Survey, X5 pp 11)01. 

('lane, \V. It. Natural gas in steam production (in Kansas). Mines and 
Minerals, vol 24, pp lot-loti Nov , 11)03 
Grimsley, G P. A new Port land-cement mill m the gas-fields of Kansas. 

Engineering and Mining Journal, Feb 16, 11)01. 

Bailey, E H. S. Natural gas and coal oil in Kansas. Kansas Eniveisity 
Quarterly, \ol. 4, pp. 1-11. 1ND5 

* Bownockcr, .1 A. Occurrence and exploitation of petroleum and natmal 

gas in Ohio. Bulletin 1, llh Senes, Ohio Geol. Suncv, 10(’5, p 125 

* Ford, S A. Fuel \alue ot Pittshmg gas. Amei lean ManufaetuK r, supple- 

ment, April, 1SX0 

* Howard, G. I). Comjiositiou and fuel value of West Virginia gas. Vol. In, 

Hearts West Virginia Geol Survey, pp 555 556. 1004. 

* Orton, E, Preliminary Report upon Petroleum and Natural Gas (in Ohio). 

1SS7, pp 55-54. 

* Phillips, V (\ The chemical composition of natural gas. Report I, 2d 

Geol. Survey Penna , pp 7N7-S27. 1X87. 

* Phillips, E. C The chemical composition of natural gas. Vol. In, Reports 

West Virginia Geological Survey, 1004, pp. 515 552. 

* White, I. O. I’he composition of natural gas. Vol. In, Reports West Vir- 

ginia Geological Survey, 1004, pp. 513-557. 

Producer-gas. 

Producer-gas has been used in rotary kilns at three American plants 
at least. Two of these plants report that their best fuel consumption, 
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when producer-gas was used, was equivalent to 220 to 240 lbs. coal 
per barrel of cement. 

It is obviously uneconomical to convert a really good coal into 
producer-gas, merely for the sake of burning the gas in a cement kiln. 
But under certain circumstances the case is more promising. If good 
gas-coal is unobtainable, but wood or lignite are cheap,, a producer-gas 
installation may work out satisfactorily. And in the cases, rare as yet, 
where the plant is being run by gas-engines, the use of producer gas in 
the kilns will be natural enough. 
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List of references on natural gas.— -Of the following papers, those 
marked with an asterisk are of interest as discussions of the fuel value 



of natural gas, while those unmarked contain data on its utilization in 
the Iola district. 

Adams, G I , and others Economic goologv of the Iola quadrangle, Kansas. 

Bulletin 25S, U. S. Geological Survey, X5 pp 11)01. 

('lane, \V. It. Natural gas in steam production (in Kansas). Mines and 
Minerals, vol 24, pp 151-150 Nov , 1002 
Grimsley, G I\ A new Fort land-cement mill m the gas-fields of Kansas. 

Engineering and Mining Journal, Feb 10, 1001. 

Bailey, E H. S. Natural gas and coal oil in Kansas. Kansas Eniveisity 
Quarterly, \ol. 4, pp. 1-11. 1ND5 

* Bownockcr, J A. Occurrence and exploitation of petroleum and natmal 

gas in Ohio. Bulletin 1, llh Senes, Ohio Geol. Suncv, 1005, p 125 

* Ford, S A. Fuel \alue ol Pittsbmg gas. Amei lean ManufactuK r, supple- 

ment, April, 1SS0 

* Howard, G. I). Comjiositiou and fuel value of West Virginia gas. Vol. In, 

Hearts West Virginia Geol Survey, pp 555 550. 1004. 

* Orton, E, Preliminary Report upon Petroleum and Natural Gas (in Ohio). 

1SS7, pp 55-54. 

* Phillips, V (\ The chemical composition of natural gas. Report I, 2d 

Geol. Survey Penna , pp 7N7-S27. 1X87. 

* Phillips, F. C The chemical composition of natural gas. Vol. In, Reports 

West Virginia Geological Survey, 1004, pp. 515 552. 

* White, I. O. I’he composition of natural gas. Vol. In, Reports West Vir- 

ginia Geological Survey, 1004, pp. 513-557. 

Producer-gas. 

Producer-gas has been used in rotary kilns at three American plants 
at least. Two of these plants report that their best fuel consumption, 
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(2) The power required for this grinding, in our mills of tc-day, 

averages dose to 8 II. P. hours per barrel of cement. To 
generate this amount of power will require around 40 lbs. 
of good coal. With coal at $2.00 pen- ton the power cost 
of clinker grinding per barrel is therefore close to four 
cents; with coal at $4.00 per barrel the cost will be eight 
cents. The labor required by the clinker grinding depart- 
ment will not quite double these figures ordinarily. 

(3) The power needed can be reduced greatly if the clinker be 

thoroughly weathered before grinding; and the quality 
of the cement will also be improved. The most thorough 
way of doing this is to leave the clinker outside the mill, 
actually exposed to the weather, for a matter of weeks or 
months. It is also the cheapest way, under certain con- 
ditions; provided for example that the weathered clinker 
can be picked up mechanically, and that it is not frozen 
or left entirely too long. 

(4) As against this solution, we have an important fact. The 

clinker issuing from the mill is hot, and much of this heat 
can be recovered and re-used given proper installations. 
Each barrel will carry out from the burning zone of the 
kiln (see p. 412) .something like 250, (XX) to 275,000 B.T.U. 
In other words the heat so carried out by the clinker rep- 
sents some 20 lbs. of coal per barrel of cement. 

The main question as to future improvements in clinker handling 
must be based on an adjustment between these two factors; the 40 
pounds of coal, used now in grinding, and the 20 lbs. of coal represented 
by the heat in the clinker. The system to be preferred will save as large 
a fraction as possible in both these regards. 

Clinker-cooling. 

General methods.-- Entirely aside from any question of heat-utiliza- 
tion, the methods of clinker cooling employed at various plants differ 
widely in their processes and in their effectiveness. The clinker may be 
simply cooled and aged by weathering, as noted above; or it may be, 
and more commonly is, cooled rapidly by other devices. These may be 
roughly grouped as follows: 

Pan conveyors, rolls, and sprinkling. — At a number of plants the 
hot clinker is caught, as it drops out of the kiln, in pan conveyors. As 
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it passes along in these it is sprinkled with fine jets of water, and at 
some point of its progress is passed through a pair of rolls. This method, 
therefore, contains all the elements of any cooling system, and in a 
very simple form. It is not adapted to utilize the heat of the clinker, 
however, and the product even after sprinkling and passing the rolls 
is too hot to be sent immediately to the grinding-mills. The simplicity 
of the met hod* is therefore counterbalanced by a loss of heat. 

Stationary tower coolers. Many plants use stationary coolers in 
the form of towers. The Mosser cooler, shown in section in Fig. 120, 



Fig 120 -Tower cooler, Buekhorn Portland Cement, C'o (Engineering News) 

is a good example of this type. The cooling installation at the Buck- 
horn plant is described ;is follows by Mr. Humphreys in Engineering 
News:* 

“ Each pair of kilns discharges through a fire-brick-lined shute into 
the boot of a single-chain open elevator. 

“ As the clinker falls into the buckets of this elevator it is sprayed 
with water. The elevator dumps the clinker into a cooler built by Wm. 
F. Mosser & Son. Then' are three of these coolers, each 32 feet high, 

* Humphreys, R L The plant of the Buekhorn Portland Cement Co Engi- 
neering News, vol 50, pp 108-411 Nov 5, 1903 
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8 foot in diameter, having a cast-iron blast-pipe running through the 
center, with sheet-steel conical sluelds every 5 feet, extending to within 
10 inches of the shell of the cooler. 

“ Under this shield are holes in the blast-pipe, through which a 
constant flow of fresh air is maintained by means of a fan, the air 
passing out of the cooler through holes in its shell the latter having 
conical shields on the inside just above these openings. 

11 The heat of the; clinker is absorbed in the vaporization of the 
water and is removed by the current of air which passes through the 
thin stream of clinker moving through the cooler between the two shields. 

“ The coolers rest on a cast-iron plate, supported by foundations 
4 feet high, in a pit about 20 feet below the kiln-room floor. Running 
under these coolers are belt conveyors which receive the cooled clinker 
(drawn from four openings in each cooler) and carry it to the boot of 
an elevator, which discharge's it through an opening in the wall between 
the; kiln room and the clinker ball-mill department onto a storage floor.” 

One-stage rotary cooler. — The next stop in clinker-cooling devices 
is the list; of rotary coolers. Those are simply rotary driers, reversed 
in action, and require no special description here. They may be readily 
adapted to recovery of a large fraction of the heat carried in the clinker. 

Atlas two-stage rotary cooler. -By far the most satisfactory of cool- 
ing devices is the two-stage rotary cooler employed by the Atlas Port- 
land Cement Company. It is, so far as the writer knows, the only 
cooling system which really cools the clinker to a handling temperature 
and does so quickly and economically. 

The cooling system at t I k; main Atlas plant was described by Stanger 
and Blount in 1901 as follows: 

“ The clinker drops from the burning cylinder into a second rotating 
cylinder, about 80 feet long and 8 feet in diameter, revolving about 
six times as fast as the burning cylinder. This is lined with fire-brick, 
and through it passes a current of air which goes to feed the flame of 
burning coal-dust. The greater part of the sensible heat in the clinker 
is thus saved and utilized. The clinker, still moderately hot, falls on 
to three crushing rolls contained in a housing and moistened by a spray 
of water. As shown in the figure a pair of kilns with their accompany- 
ing first cooling cylinders converge so as to deliver the clinker onto 
these rolls and from this point a single secondary cooling apparatus 
serves this pair of kilns. The object of the rolls is to crush large lumps 
of clinker which may have been formed by the aggregation of a num- 
ber of small fragments adhering together when plastic in the burning 
cylinder. These lumps being built up of small pieces loosely stuck 
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together differ entirely from the tough hard masses formed in a fixed 
kiln fed with blocks or bricks of raw material, and are readily broken 
up to the size of a hazelnut. The warm moist clinker passes down a 
third rotating cylinder 00 feet long by 5 foot in diameter, lined with 
hard cast-iron plates provided with shelves so as to toss and tumble 
the pieces as they creep down. Air is drawn in through this cylinder 
by means of a chimney which also carries off the water vapor from 
the housing of the rolls. It is intended that the clinker shall emerge 
from the end of the last cooling cylinder, in a slightly moist condition, 



plan 

Fig 121 -Atlas rotary two-stage coolers (Kngmeermg News ) 


and to ensure this, regulation of the water at the rolls is supplemented 
by a small jet at the end of the last cooler.” 

This system is shown in Fig. 121, taken from the paper * below cited. 


Clinker-grinding. 

After cooling sufficiently to be workable, the clinker passes to the 
clinker-grinding department of the mill. The problem before this 
department is to reduce large quantities of an intensely hard and semi- 
vitrified material to finely ground cement at the lowest cost possible. 
This reduction is now usually accomplished in two or three stages. 

* Stanger, W H , and Blount, B The rotary process of cement-manufacture 
Proo Inst Civil Engineers, vol 145, pp 57-68 1901 See especially p 62 for 

coolers. 
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Somewhere in the process it is necessary to provide for the addition 
of a certain comparatively small percentage of gypsum or plaster, in 
order to bring the setting properties of the cement up to commercial 
requirements. Though this addition is commonly made during the 
grinding process, it will be discussed later in the chapter. 

The power allowed and machinery installed for pulverizing the 
clinker at a Portland-cement, plant using the dry process of manu- 
facture are very closely the same as that required for pulverizing the 
raw materials for the same output. This may seem, at first sight, 
improbable, for Portland-cement clinker is much harder to grind than 
any possible combination of raw materials; but it must be remembered 
that for every barrel of cement produced about (>(X) lbs. of raw materials 
must be pulverized, while only a scant 400 lbs. of clinker will be treated, 
that the large crushers required for some raw materials can be dis- 
pensed with in crushing clinker, and that the raw side rarely runs full 
time. The raw material side and the clinker side of a dry-process Port- 
land-cement plant are, therefore, usually almost or exactly duplicates. 

The difficulty, and in consequence the expense, of grinding clinker 
will depend in large part on the chemical composition of the clinker 
and on the temperature at which it has boon burned. The difficulty 
of grinding, for example, increases with the percentage of lime carried 
by the clinker, because of the higher burning which has been necessary, 
and a clinker containing 04 per cent of lime will be very noticeably 
more resistant to pulverizing than one carrying 02 per cent of lime. 
So far as regards burning, it may be said in general that the more thor- 
oughly burned the clinker the more difficult it will bo to grind, assuming 
that its chemical composition remains the same. 

The tendency among engineers at present is to demand more finely 
ground cement. While this demand is doubtless justified by the results 
of comparative tests of finely and coarsely ground cements, it must he 
borne in mind that any increase in fineness of grinding means a decrease 
in the product per hour of the grinding-mills employed, and a conse- 
quent increase in the cost of cement. At some point in the process, 
therefore, the gain in strength due to fineness of grinding will be counter- 
balanced by the increased cost of manufacturing the more finely ground 
product. 

The increase in the required fineness has been gradual but steady 
during recent yearn. Most specifications now require at least 90 per 
cent to pass a 100-mesh sieve; a number require 92 per cent; while 
a few important specifications require 95 per cent. Within a few years 
it is probable that almost all specifications will go as high as this. 
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Actual practice. — The following data relate to the machinery used 
on the clinker-grinding side of a number of American plants of modern 
construction, and will serve to give a good idea of current practice along 
that line: 

Plant No v 1 . 

3 170' kilns. 1600 barrels. 

3 rotary coolers. 

2 kominuters. 

2 Smidth tube mills. 

Plant No. 2. 

3 140' kilns (wet). 

Dodge jaw-crusher. 

4 Krupp ball mills. 

5 Chalmers tube mills. 

Plant No. 3. 

5 kilns, 120 foot. 

5 rotary coolers. 

10 Fuller- Lehigh mills. 

Plant No. 4- 

2 kilns, 160 foot. 

2 rotary coolers. 

1 set crushing rolls. 

4 Fuller mills. 

Plant No. 5. 

2 kilns, 140 foot. 

Sturtevant crushers. 

Griffin mills. 

Plant No. 6. 

24 kilns, 125-foot coolers. 

18 Gates ball mills. 

*24 Gates tube mills. 

Plant No. 7. 

12 kilns, 120-foot. 

12 Kent Maxecon mills. 

15 tube mills. 
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Use and Effects of Gypsum or Plaster. 

The high-limed clinker now produced in the rotary process is nat- 
urally very quick-setting. In order to retard its set sufficiently to pass 
commercial requirements, sulphate of lime, in the form of gypsum or 
plaster, is now universally employed. This substance, when added 
in quantities up to 2 to d per cent, retards the set of the cement pro- 
portionately, and also increases somewhat its tensile strength in short- 
time tests, in larger quantities, its retarding influence becomes less, 
and finally negative, while; a decided weakening of the cement is notice- 
able. 

The more theoretical part of the discussion, relating to the form in 
which the sulphate; is applied, and the; influence e>f various percentage's 
of sulphate on the* set and strength e>f the* e*e*me*nf, will lie* first pre*sente*d: 
after which the' actual methods of application, with analyses of gypsums 
and plasters use ;el in practice', will be discusse'd. 

Form in which calcium sulphate is used. -The* lequisile calcium 
sulphate may be* adde'el to the; cement in erne of thre*e; forms: as crude; 
gypsum, as calrine'd plaster, or as dc'ud-hurnt (anhyelrous) plaster. 
For a full de*scription e)f the* manufacture' and prope*rtie*s of these' thre*e 
products file; re'ad(*r is rc'fe'rre'd to Part 1 of this volume. In the pres- 
ent J)lace their e*sse'ntial characters can be* bne'fly state'd as follows: 
Crude gypsum is a natural hydrous sulphate of lime, corresponding to 
the formula CaSOi-f- 21 !■>(), and to the* e a omposition calcium sulphate 
79.1 per cent, water 20.9 pe*r cent. (\aleined plastc*r, or plastc*r of Paris, 
is obtainc'el by he*ating gypsum at te'mpe*rature*s of dot) 0 400° F., the 
result being that thre*e-fourths e»f the eombine'd water is driven off. 
The resulting plaste'r has the* formula CaSOt-f- J I !•>(), corresponding 
to the composition calcium sulphate 9d.8 ]x*r cent, wate*r 0.2 pe*r ce*nt. 
If gypsum be calcined at temperature's much above 100° F., all of its 
combined water will be e*xpe'lle*d, leaving de*ael-burnt or anhydrous 
plaster, which is simply CaSOi. 

Conside*rable discussion has be*en arousc'd ove*r the question, which 
of these three; forms of calcium sulphate* is the* more; advantageous for 
use: but few satisfactory series of experimt'nts are on record in regard 
to this point. A misleading statement often made is that plaster of 
Paris, because of its gre*ater che*mical activity, will naturally be much 
more effective than gypsum, weight for we'ight. The fallacy involved 
in this statement is revealed when it is considered that the calcium 
sulphate added to the cement has absolutely no effect until the mixture 
is gauged with water; and that this addition of water will naturally 
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reconvert the plaster immediately into the hydrous lime sulphate, 
gypsum. Any argument based on relative' chemical activity, so-called, 
is therefore fallacious, but the higher SO. { of plaster is effective. 

The results of a few recorded experiments, on the comparative effects 
of the various forms of calcium sulphate, on the set and strength of 
the cement, will be given below; after which the conclusions which 
may be drawn* from those experiments and from commercial conditions 
and actual practice will be summarized. 

Nihoul and Dufossez, in the course of tin', experiments described 
on page 478, tested the comparative effect, of calcium sulphate in four 
different forms i.o., as crude gypsum, as calcined plaster, as anhydrous 
plaster and as chemically precipitated calcium sulphate. Their con- 
clusions were: (1) that with the pioeipitated calcium sulphate and cal- 
cined plaster the retardation of set is proportional to the amount of 
sulphate added: and, (2) that with crude gypsum this is true only 
when less than 2 per cent of gypsum is employed, larger percentages 
causing acceleration rather than retardation of sot. 

Lewis has carried out a short series of experiments on the influence 
of calcium sulphate on the strength of the cement, applying the cal- 
cium sulphate in three different forms - gypsum, plaster of Paris, and 
anhydrous plaster. The results, given in the table below, are not 
decisive: but seem to show a somewhat greater regularity of effect when 
plaster of Paris or anhydrous plaster an* used than when gypsum is 
employed. 

Tumi. 1( Hi 

Efi kct of Form of Scmmiatf. Lsfd (Lewis) 


Amount \(i(l(‘d 

'1 cimlo Stn n^t ti, 7 I )n\ 

1 1 
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Sulphate | I’m is i 

h Neat 

( ’rude 
( I v pHtini 

TciiNilf Strength, 7 Days, .'I 1 

\nliydroiiH ! Planter of 1 Crude 
Sulphate j I’ariM (JypMiirn 
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190 
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U “ “ 
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; 32 1 I 

533 
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00 
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1 
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To summarize the matter: The active retarding agent is the sulphur 
trioxide present in the gypsum or plaster. As anhydrous plaster and 
plaster of Paris both contain somewhat higher percentages of SO3 
than gypsum, they will exercise a proportionally greater retarding 



Per cent of plaater- 

Fig. 122 — Effect.of plaster on strength; different ages and compositions 
(Dyckerhoff.) 
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effect, weight for weight, than will gypsum. But for ordinary practice 
this slight advantage is immensely counterbalanced by the fact that 
gypsum costs usually less than half as much as either of the plasters: 
and for ordinary practice, therefore, gypsum is the only form of cal- 



Fig 123. — Effect of plaster on tensile strength of Portland cement. (Lewis ) 

cium sulphate that can be considered available. In certain plants, 
however, where the sulphate is added after the cement has been ground, 
it is necessary to use plaster of Paris; because gypsum as bought is 
ground too coarsely to add to a finely pulverized cement. 
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Effect of calcium sulphate on set of cement. — Experiments on the 
effect of setting time of the addition of gypsum or plaster are fairly 
numerous. Unfortunately, such records mean very little, unless they 
are accompanied by sufficient data, as to the chemical composition, 
fineness, etc., of the cement; to enable some idea to be formed con- 
cerning the general type of cement tested. Experiments on low-limed 
cement can not be fairly compared with those carried out on high-limed 
cements; and cement made in stationary kilns behaves differently from 
the usual product of the rotary. 

In the experiments * of Nihoul and fhifossez a commercial Portland 
cement of the following composition was used: 


Silica (SiO,) 

22 80 

Alumina (AI a Oi) 

7 79 

Iron oxide (Fc a ()a) 

1 27 

Lime (CaO) 

05 80 

Magnesia (MgO) 

0 59 

Carbon dioxide (C() 2 ) 

1 30 

Water 

0 20 


It is to be noted that this cement, though probably made in a sta- 
tionary kiln, is very high-limed and correspondingly quick-setting. 
It can therefore be considered as closely similar to the average rotary 
clinker. 


Table 107. 

Effect of Adding Various Percentages of Calcined Plaster 
(Nihoul and Dtjfossez ) 


Composition 

Initial Sot 
Ilmira Minutos 

Final Sot 
Hours Minutos. 

Pure cement 

0 

8 

0 

13 

Cement with 1 per cent plaster 

1 

10 

5 

20 

i < < < j i i < * t a 

1 

10 

0 

0 

“ “ 2’ “ “ “ 

2 

7 

0 

32 

i t i ( < i a ( ( 

2 

51 

0 

50 

• t tt 

3 

0 

7 

10 

tt a 6 ii ii 

3 

33 

7 

12 


Table 108. 

Effect of Calcined Sulphate on Set of Cement (Dyckerhoff) 


For Cent Flivstot 
Addod 

Sotting-timo, 
llouis Minutos 

0 

0 

20 

1] 

3 

30 

1 

10 

0 

2 

14 

0 


* Joum. Soc. Chem. Industry, vol 21, pp. 859-800 


1902. 
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Results obtained by Dyckerhoff * are given in the table above. 
It is unfortunate that no analysis of the cement experimented on is 
obtainable, in view of the remarkably great retardation effected by 
very small percentages of sulphate. 

A very unusual set of results, obtained in experiments, by Messrs. 
Kniskern and Gass, has recently been published f by Prof. 11. C. Car- 



penter. Clinker was procured from a cement-plant in unground form 
and ground in the laboratory, being mixed with various percentages 
of gypsum. The results are as follows: 

Table 199. 


Effect of Gypsum on Setting-time (Kniskern and Gass) 


Per Cent 
Gypsum 

Initial Hot, 
Mmuti'ii 

Final Sot , 
MimitoB 

For Cent 
Gypsum 

Initial Set, 
Minutes 

Final Set, 
Minutes 

0 

2 

52 

4 

28 

45 

$ 

6 

87 

4 \ 

22 

40 

H 

80 

157 

5 

27 

59 

2 

24 

114 

f> 1 

20 

78 

21 

29 

79 

6 

19 

37 

3 

30 

69 

6.j 

22 

40 

31 

27 

72 

7 

18 

59 


These results are shown diagrammaticallv in Fig. 126 and compari- 
son of this curve with those of Figs. 124 and 125 will show their unique 


* Proc. Inst. Civ Engrs., vol. 62, p. 156. 1880. 
f Engineering News, vol. 53, pp 13-14 Jan. 5, 1905. 

X From Johnsons “Materials of Construction,” p 187. 
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27 

59 
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78 
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19 

37 
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30 
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6.j 

22 

40 

31 

27 

72 
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18 

59 


These results are shown diagrammaticallv in Fig. 126 and compari- 
son of this curve with those of Figs. 124 and 125 will show their unique 


* Proc. Inst. Civ Engrs., vol. 62, p. 156. 1880. 
f Engineering News, vol. 53, pp 13-14 Jan. 5, 1905. 

X From Johnsons “Materials of Construction,” p 187. 
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Table 201. 

Effect of Calcium Sulphate on Strength of Cement. (Grant) 



Neat Cement 


1 ( Vine'll) . 1 Sand 

Added 

7 I)a\s 

.10 1 ):i> s 

00 Duv* 

01) I)a\s 

7 l>a\s 

.10 I)n\n j »>() I)n\s 

00 l)n>H 

0 1*313 

J 1 305 

500 

503 

530 

507 

; 

| 005 1 
01S 0 

1(M) 8 
129 2 

159 2 1SS 4 
220 0 j 259 0 

200 8 
255 2 


Table 202. 

Effect of Treatment with Anhidrous Calcium Sulphate (Lewis) 


IYr CVnt 
Sulphate Added 

Pensile Strength 

7 l)a\s Neat | 7 Dins .< 1 j 

0 

4 1 1 lbs 

190 lbs 


017 “ 


4 

003 “ 

118 “ 

5 

I 

29:i " i 

127 “ 


Table 203. 

Effect of Treatment with Crude Gypsum (Lewis.) 


Per Cent 
(!>psum Added 

Tensile Strength 

7 l)a> s Neat 

| 7 Diijh 1 : 1 

0 

m ihs 

190 lbs 

2 

073 “ 


3 

511 “ 

i 179 “ 

1 

533 “ 

| 191 “ 

5 

593 ‘ ‘ 

179 “ 


Table 204. 

Effect of Treatment with Plaster of Paris (Lewls) 



Telltale Strength 

Added 

7 I)n\« Neat 

7 Days 3 : 1 

0 

1 14 lbs 

1 ( M) lbs 

15 

589 “ 

212 “ 

2 

051 “ 

215 “ 

3 

729 “ 

225 “ 

4 

521 “ 

105 “ 

5 

217 “ 

! 00 “ 

6 

254 “ 

63 “ 
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Methods of using gypsum— From what has been said on pre- 
ceding pages, it is evident that in Portland-cemcnt manufacture either 
gypsum or burned plaster may be used to retard the set of the cement. 
As a matter of fact, gypsum is the form almost universally employed 
in the United States. This is merely a question of cost. It is true that 
to secure the same amount of retardation of set it will be necessary to 
add a little more of gypsum than if burned plaster were used; but, on 
the other hand, gypsum is much cheaper than burned plaster. 

The addition of the gypsum to the clinker is usually made before 
it has passed into the ball mill, kominuter, or whatever mill is in use 
for preliminary grinding. Adding it at this point secures much more 
thorough mixing and pulverizing than if the mixture wen' made later 
in the process. At some of tin' few plants which use plaster instead 
of gypsum, the finely ground plaster is not added until the clinker has 
received its final grinding and is ready for storage or packing. 

Analyses of gypsum used.-— The following analyses will servo to 
illustrate the composition of the crude gypsum and. of the calcined 
plaster used at different American Portland-ccment plants. 


Taolu 205. 

Analyses of (»yphi t m Used in Cement-plants 


Silica (Si() 2 ) . . . 

0 52 

o so 

1 

I 

fn d 

Alumina (AMT) 

/ ° S7 

0 50 

5 10 

7 20 

1 { n d 

Iron oxide (Ke*Os) . . . 

j 


I n <1 

Lime (CaO) 

51 <)i 

:m si 

n d 

n (1 

55 S 

Magnesia (MgO) 

0 52 


I 



Sulphur trioxide (S() f ) 

it 95 

45 00 

40 20 | 

15 20 

15 0 

Carbon dioxide (C0 2 ) 

Water 

20 95 

21 OS 

n d 

n (1 

20 5 


Table; 200. 


Analyses of Calcined Plasteu Used at Cement-punts 


Silica (SiOu) 

Alumina (AMh) 

Iron oxide (FcjOs) 
Lime (OaO) 

Magnesia (MgO) 
Sulphur trioxide (S0 2 ) 
Carbon dioxide (C() 2 ) 
Water 


0 85 

1 10 

n d 

} 0 40 

0 52 

n d. 

58 5S 

57 S7 

57 20 

0 50 

0 75 

1 11 

54 12 

55 20 

50 50 

n d 

n d ‘ 

5 40 

5 01 

I 

0 52 

5 50 


Effect of various salts on set of cement. — Experiments have been 
made on the use of various other salts — sulphates, phosphates, chlorides, 
etc. — by different chemists. Few of the results thus obtained arc of any 
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practical importance, for most of the salts experimented with are too 
costly for use*. 

Tahli: 207. 

Effect of Various Salts ox Set of Cement (Nihoul and Dufossez.) 


1 Initial Si>t 
lira Mm 

Film) Set 

Hrs Min 

Pure cement 


1 o 

s 

0 

13 

Cement with 2 

per cent calcium sulphate 

*> 

7 

6 

32 

i < • > o 

“ “ shontmm sulphate 

0 

3 

0 

5 

“ “2 

‘‘ “ barium sulphate 

0 

3 

0 

4 

“ “2 

11 “ calcium phosphate 

! o 

8 

0 

18 

i i u 9 

“ “ “ alummate 

i 0 

1 

0 

3 

<< “2 

“ “ precipitated silica 

! o 

5 

0 

6* 


! 


Recent experiments on the use of solid chloride of lime as a retarder 
have been published by Carpenter. These were carried out by the same 
experimenters, and probably on the same cement, which, when treated 
with gypsum, gave 1 the erratic results noted on page. 480. Carpenter 
summarizes * those experiments as follows: 

“ Messrs. Kniskern and Cass, in the Sibley Laboratory, ground dif- 
ferent percentages of chloride of calcium (( \a( '\>) with cement clinker and 
afterwards made pats, using in each case simply enough water to give 
the material its normal consistency for this purpose. Their results 
show that the chloride of calcium had great effect in retarding the time 
of setting and exerted the greatest effect, when about 0.5 per cent by 
weight, of the chloride of calcium was employed. On account of the 
water required, 1 per cent of the chloride of calcium would correspond 
approximately to gauging with a solution of 20 grams per liter in the 
previous experiments quoted. 


CiiCb Ground Dry with the Clinker 


Pit Out 
of CaCIi 

Per Cc nt 
of V\ atcr 

I lilt 111) Si t, 
MimitcN 

I* mill Set, 
Miouti s 

0 0 

29 S 

2 

52 

0 5 

34 1 

115 

271 

1 0 

29 S 

100 

272 

1 5 

20 4 

107 

231 

2 0 

25 4 

127 

212 

2 5 ! 

20 4 

103 

180 

3 0 

20 4 

45 

182 

3 5 

20 4 

97 

185 

4 5 

28 0 

03 

150 

5 0 

29 8 

73 

100 

5 5 

29 8 

70 

81 

6 0 

29 8 

68 

145 


Engineering New 5 ?, vol 53, pp 13-14 Jan 5, 1905 
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“ The experiments quoted indicate that chloride of calcium added 
in small percentages either to the ground clinker as a powder or mixed 
with the water for gauging has an important effect in extending the 
time of setting of Portland cement, and so far as the investigations 
which are accessible show it does not have any detrimental effect on the 
permanent strength and hardness. 

“ Chloride; of calcium is a deliquescent material which rapidly absorbs 
moisture, and it is possible that if ground dry with the Portland-ccment 
clinker, even to the amount of \ per cent, it would cause the material 
to gather dampness and thus have a bad effect. The; chloride of calcium 
solution can be; added readily by adding it to the water used in gauging, 
since it dissolves with extreme rapidity. The experiments indicate that 
the set can be controlled by using less than \ per cent, which would be 
something less than 2 lbs. to the barrel of Portland cement. Investiga- 
tions are still necessary for determining whether the effect of chloride of 
calcium added to the cement before grinding is permanent in its effects, 
and whether if ground with the cement clinker it would avert any detri- 
mental effect.” 

List of references on use of calcium sulphate, chloride, etc. 
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Bull, de la Soe. d’Encourag. bind. National, vol. 5, pp. 49-54. 1900. 

Abstract in Journ. Soc. Cliem. Industry, vol. 19, pp. 247-248. 
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860. 






CLINKER COOLING, GRINDING, AND STORAGE 


487 
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. Storage, Packing, and Market. 

Necessity for storage. — A twofold necessity exists for large storage 
space at a modern cement-plant. The cement will in many cases 
be improved by storage, particularly if it can be so stored that air will 
gain access to the mass. Aeration in the storage building is, however, 
rarely possible; and in consequence the tendency now is in the direction 
of aerating or slaking the clinker before grinding. The main reason 
for storage still remains prominent. It is caused by the fact that while 
the average mill runs twelve months in a year, the* cement-selling period, 
in most of the United States, is practically confined to six months or 
even less. This of course necessitates very extensive storage facilities — 
enough to hold at least three months’ output of the mill, and preferably 
to hold six months’ production. This means that for each kiln in a dry- 
process plant, storage space for at least 2(),00() barrels should be provided. 
As Portland cement dumped from a conveyor will pile up so as to 
weigh about 90 to 100 lbs. per cubic foot, the storage space above stated 
(20,000 barrels) would be equivalent to about 80,000 cubic foot for each 
kiln in the plant. This is the minimum of space that can be given with 
safety, and an allowance of 150, 000 cubic feet, per kiln would be much 
better for the average plant in the Middle or Eastern States. In the 
South and West conditions arc different, and much less storage space is 
required. 

The question as to whether this storage is to be mainly for unground 
clinker or for finished cement is largely a question of climate. Mills 
located in wet regions will be forced to carry essentially all their surplus 
in the form of clinker, because of the deterioration otherwise. For mills 
located in drier regions it will be possible to carry larger proportionate 
amounts of finished cement. For other reasons clinker storage has 
advantages; so that the tendency every where seems to be in the direc- 
tion of providing more and more space and facilities for the storage of 
unground clinker. 

Designs of storage buildings and bins— In Figs. 128, 129, 130, and 
131 are given plans of several recently erected storage buildings and 
bins. Those shown in Fig. 128 are concrete-steel bins erected for the 
Portland-cement plant of the Illinois Steel Co. for clinker storage. 



488 


C KM ENTS, LIMES, AND PLASTERS. 


The stock-house and bins shown in Figs. 120, 130, and 131 arc those 
of the Hudson Portland Cement Co. In a description of that plant 
accompanying these figures * the following data arc* given: “ The stock- 
house is a structure 410 feet long and 105 feet, wide, having as founda- 
tions a serif's of concrete walls founded on piles. It, contains three groups 
of twenty bins each. The bins are of wood, their wall# being laid up 




Fa; 12!) —Plan and sections of stork-house, Hudson Portland Cement Co , 
showing conveying machinery (Engineoiing News ) 

solid of 2 "X10" and 2"x8" plank laid flat and spiked together. The 
total capacity of the bins is 200, 000 barrels of cement. Cement is con- 
veyed to the stock-house from the mill by means of conveyor 20, which 
discharges into the boot of elevator 0 . This elevator discharges into 
the transverse screw conveyor 27, which spouts onto two belt conveyors 
running lengthwise of the building over the bins. From these belts 
the cement can be deflected into any one of the 60 bins.” 

* Engineering News. 
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Testing at the mill.- The contents of each bin should bo sampled 
as soon as it is filled, and the usual physical tests made on those samples, 
supplemented by analysis if need be. If the cement is weak or unsound, 
it is far better in every way to detect it at the mill than to run the risk 
of having it rejected at the work. 

Of recent years it has become the fashion, in specifications for cement 
for important work, to require that the purchaser should be represented 



at the cement-mill by an inspector during the manufacture and ship- 
ment of the cement covered by the specifications. Tins practice, if 
taken up in a proper spirit by both sides, will prevent many difficulties 
and misunderstandings, so that it has a good moral effect. 

farther than that the gains an* not so obvious. Mill inspection 
can protect the purchaser against adulteration after burning, but as it 
happens that, is not a common vice at American plants, though still 



Ficj. 131 .— Plan of bins in cement st-ock-house, Hudson Portland Cement Co. 


existing in Europe. It can not be carried out so as to insure the proper 
conduct of earlier operations, however. In any case it. involves some 
extra work* for the mill and it should be paid for separately. 

Packing and packing weights. — Cement packing is usually carried 
out mechanically, with relatively little differences between the different 
devices employed. Packing house? costs will commonly range between 
two and five cents per barrel, on the 1900-1915 price level. 

According to the recently issued specifications of the American 
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Table 

Capacity of Portland-*’ km ent Barrels and 


Number 

Burrell* 

Tested, 

Results 

Avrr- 

ftKed 

Brand 

Height 
bet ween 
Mends, 
Feet 

Avr 

Diam- 
eter of 
Muriel, 
Feet 

rn«e 

Hori- 

zontal 

\rea, 

S<| Ft 

Cu parity 
Barrel 
bet wi mi 
Heads, 
Cu Ft 

I )rprc«- 

8IOI1, 

L’e merit 
below 
Head, 
Feet 

Volume 
of De- 
pression, 
Cn Ft 

0 

(limit 

2 19 

1 430 

1 005 

3 495 

0 12 

0 171 

0 

A Ison 

2 OS 

1 403 

1 510 

3 219 

0 04 

0 059 

3 

Saylor's 

1 2 07 

l 412 

1 571 

3 249 

0 07 

0 090 

5 

DyokerhofT 

2 01 

l 407 

1 551 

3 123 

0 07 

0 093 

1 

Fiske Lion * 

2 13 

1 38 

1 490 

3 ISO 

0 03 

0 039 

5 

Atlas .... 

2 12 

1 437 

1 022 

3 410 

0 17 

0 235 

5 

Aalborg f... . 

2 01 

1 455 

1 002 

3 327 

0 10 

0 1 IS 


Final Averages 

2 09 

1 IIS j 

1 579 

3 292 

1 

0 09 j 

0 120 


* Hanover I Denmark t Martial averages To lie compared 01 lv with 


Society for Testing Materials, quoted later, Portland cement should be 
packed in bags of 94 lbs. net weight, four of which make a barrel of 
370 lbs. net. Several other important specifications require a barrel 
of 170 kg. net. In ordinary calculations it is often assumed for con- 
convenience that a barrel of Portland cement weighs 4(X) lbs. gross or 
380 lbs. net. The following table (209), published some years ago by 
Mr. Sanford Thompson,* gives the results of a series of actual tests on 
the weight, size, etc., of cement barrels: 

At present a very large 4 proportion of American cement is marketed 
in sacks or bags, packing in wood being almost entirely confined to 
cement intended for export or coastwise 4 shipment. Foreign cement, of 
course, reaches the American marked, in barrels, but importer! cements 
are becoming of less consequence each ye 4 ar. 

When cement is packed in we>od, the barrels are usually charged for 
at a rate sufficient. to give a slight profit to the packing department of 
the mill. Bags and sacks are also charged extra, with a rebate for 
returned bags. In figuring the cost of cement manufacture it is there- 
fore unnecessary to include the actual cost of the package^, but the 
labor and power used in the packing-house must be figured in. 

•Thompson, .Sanford E Weights of Portland cement and capacity of cement 
barrels Engineering News. Oct 4, 1900 For a more detailed discussion of the 
subject, reference should be made to Taylor and Thompson’s “Concrete, Plain and 
Reinforced, “ 1905, pp 210 et seq 
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208. 

Weight of Contexts (Howard A Carson ) 


Volume of Cement per 
Barrel 

Net Weight of 
Cement per Barrel 
at Dumping 

w 

•Ight per Cubic Foot 

W eijtht 









Packed, | Loose, 'Shaken, { 

Before, 

\fter. 

Pac ked, 

Loose, 

Shaken, 

Sifted, 

Pound* 

Cu Ft 1 (Ni I t , Cu Ft 

Pounds 

Pound* 

Pound* 

Pound* 

Pounds 

Pound* 


3 317 1 173 1 

3.31 0 


113 .31 

91 33 



29 0 

3 101 1 102 ! 

371 2 


113 45 

SO 20 



24 3 

3 152 1 1 052 1 

3S7 0 


122 75 

01 21 



22 7 

3 031 , 3 OS!) 3 5 22 j 

373 2 

371 1 

123 10 

03 IS 

105 51 


25 0 

3 147 ‘ 4 270 3 005 | 

373 0 

373 0 

120 11 

S3 52 

102 29 


i 22 

3 211 | 3 751 3 432 ! 

377 4 

370 0 

117 51 

100 1!) 

109 15 

90 0 

i 21 1 

• 3 200 1 1 05S 3 598 : 

370 7 : 

370 2 

115 71 

01 to 

102 91 | 

30 3 

| 23 3 

3 170 1 1 070 ! 3 502 J: 

1 ! 1 

377 1 

371 U 

1 

11.3 70 

02 03 

105 OOJ 35 4f 

i 

24 0 


like bra rids § Box rocked over bur \oh — Paper weigh* about 1 lb 


Packing weights of different countries. — The normal or legal weights 
of tilt' cement packages- hags and barrels — of the chief-producing coun- 
tries may be summarized as follows: 


Table 209 

Po king Wm.ms of Cement in Chief Countries 


( Bag*, kg - Bag*, Lbs i 

Barrel*, kg “ Barrels, Lbs 

limit'd Slates 

42 01 --- 91 

171 55=370 

Australia 

50 70 = 125 

170 10=375 

Canada 

39 09= 87 i 

158 70=350 

Groat Britain 

Variable 

Variable; 

Franco 

50 

170 

Denmark 

85 

170 

Belgium 

85 

170 

Switzerland 

50 gross 

200 gross 

Austria 

50 gross 

200 gross 

Germany 

85 net 

170 net 


From this table it will be seen that there is a certain amount of uni- 
formity growing up in this matter, in spite of the appearance of diversity 
due to different ways of quoting the weights and of dividing the barrel. 
For example, the United States, Australia, Germany, Denmark and 
Belgium pack a barrel of close to 170 kg. or 375 lbs. net; though they 
divide this unit into from two to four sacks, which, of course, range from 
42] to 85 kg. each. 
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As against this group, there arc Canada and England, packing the 
old export barrels of 3J bushels ==350 lbs. net. There are Switzerland 
and Austria using a sack of 50 kg. gross and a barrel of 2(>0 kg. gross . 
And, highest normal unit of all, France packs sacks of 50 and 100 kg. 
net respectively. 

It is worth noting that none of these* units (except those of France) 
make an aliquot part of a short ton, a long ton or a metric ton. 



CHAPTER XXXV. 


COSTS, PRICKS AND PRODUCTION 

In any discussion of the costs of Portland cement, manufacture, and 
of the past and future trend of prices, it will he obviously useless to take 
into consideration the exaggerated figures of the past five years in 
respect to cither factor. These prices are transitory, being expressed 
in a very badly depreciated currency, as sanity slowly returns to individ- 
uals and to governments we may fairly expect- to see a return toward 
our older bases of comparison. Yet even here we can not expect too 
much in the near future; we will in all probability not get down again 
to the cost and price level of 1900, for example, for twenty years. Many 
of us in fact do not believe that we can ever return to the low levels 
established in 1896-1898 at any time, in such industries as have any 
extensive use for coal, oil and steel. The reasons for this doubt arise 
from consideration of certain conditions which are beginning to affect 
the world’s supplies of these great basal commodities; the facts and 
the conclusions draw n from them have been elsewdiere* discussed in the 
detail which their importance demands. Here we need only point out 
that these uncertainties as to the bit ure course of costs and price's do 
exist, and that they will affect, very seriously the trend of affairs in 
industries using these' particular commodities in any extensive way. 
The Portland cement industry happens to be one of these. 

In order to make use of data accumulated by various plants over a 
long series of years, we must therefore take into account the average 
course of commodity prices. Reference to pages 7-9 and to Fig. 182 will 
serve to explain both the necessity for doing this, and the uses to which 
the data so treated may be put. In all of the discussion in the present 
chapter it is to be understood that the data are based on the 1910 1915 
price-level as being equal to 100. These six years, which showed 
very little fluctuation in the average level of commodity prices, are 
convenient for our present purpose; and data presented on that basis 
will be of permanent value and use. They are convertible into figures 
for any specific year by simple multiplication of the 1910 1915 data by 

♦Coal, Iron and War; a study in Industrialism past and future New York, 
1920; London, 1921 
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the index number for the particular year in question, as given in Table 
2, page 7. For example, to convert a cost or a price figure quoted 
on the 1910 basis to its 1918 value, we would multiply by 1.96; to 
convert it to the high figure of our post-war period, culminating in 1920, 
we would multiply the 1910-1915 figure by 2.44. For the years imme- 
diately in prospect, we may safely assume that in the* course of five 
years — say by 1920 — we will reach an average level of 150; and that by 
1930 we may be down again to 120 or thereabouts. 

In order to give a concrete example of how the war-time fluctuations 
in currency values affected cement costs, the following data are service- 
able. They cover the experience, during the years 1913 to 1921 inclu- 
sive, of a very large group of American mills, representing in total about 
one-quarter of the Portland cement output of the Tinted States. The 
actual costs of these mills an* later discussed; hence we an* interested 
in the yearly fluctuations, and on that account l have reduced all the 
costs to a basis of 100 for the year 1915. 


Tahlk 210. 

Fluctuations in Cement Costs, 1913 1921 



10 1.l 

un i 

nu:> | 

1010 | 

1017 

1018 

1010 | 10 JO 

1021 

Average expenses per barrel 

105 

105 

100 

117 1 

102 

209 

211 201 

233 


It will be set'll that tilt* costs of cement manufacture varied closely 
enough with the changes in average commodity costs as tabulated on 
page 7. 


Costs of Portland Cement Manufacture. 

Elements of cost. — The factors which fix the cost of cement manu- 
facture at any given plant, or in the industry taken as a whole, may be 
summarized and grouped as follows: 

A. Cost of cement materials delivered at mill. 

1. Quarry labor. 

2. Quarry supplies. 

3. Transportation to mill. 

B. Mill costs proper. 

4. Mill labor. 

5. Coal for fuel and power. 

6. Gypsum, oil, supplies. 
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7. Mill superintendence and laboratory. 

8. Mill repairs. 

C. Administrative and selling costs. 

9. Salaries and expenses sales department. 

10. Salaries and expenses general offices. 

11. Insurance and taxes. 

I). Depreciation allowances for quarry and mill. 

If the costs included under A, B and 0, an' just covered by the price 
of the cement, the mill can nm and be kept, in condition; but taken over 
any long period there would bo no profits of any sort, and the capital 
used would not have paid interest. Of course no sane person would 
intentionally go into a business of that sort, but unfortunately a good 
many companies have made a reeoid just like that, or worse. On the 
other hand it is obvious that the bulk of the output must necessarily 
be sold at a profit, or the industry would have died out long ago. 

It might be added, also that if the average selling price merely 
amounts to A-f/f+C, though the mill would just pay its way, it might 
not remain in the hands of its original owners. For if the original 
capital had boon raised in part by means of a bond issue, the interest 
charges or sinking fund requirements on these bonds could not be met 
under the condition assumed. That contingency also has arrived to a 
number of American plants during the past twenty years. For further 
consideration of the financial aspects of such enterprises, the reader 
must be referred to a publication * which represented about the first 
attempt to deal sanely with promotion possibilities, and which contains 
matter still serviceable in that connection. 

Finally, it may be noted that unless the items 1) are also covered by 
the selling price of the cement, the company will at the end of a certain 
period find itself without any raw materials left on its quarry lands, and 
with a mill that has gradually gone to pieces from old age. This too 
has happened to a few American plants; and will probably happen to 
others in the course of time. 

The four groups of cost-factors above noted will be discussed in turn. 

A. Cos t t of cement materials at mill. — The methods and actual exca- 
vation cost of cement materials is discussed, with very recent and 
entirely reliable figures for cost of a number of actual operations, on 
pages 352 to 355. Here it will bo only necessary to add to these figures 
the two elements which were purposely omitted in the earlier discussion. 

* The Portland Cement Industry from a Financial Standpoint, New York, 1908. 
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Reference is made, of course, to transportation charges and to quarry* 
depreciation. 

As regards the first point, there is a very wide variety as between 
different plants. Most of the older plants in the East and Middle West 
are located at or very close to, their quarries, and in these cases trans- 
portation of raw materials to tin; mill may be a very small item of cost. 
But in a surprisingly large* number of plants, and these no't by any means 
the smaller ones, there is a more or less heavy rail charge to be added 
to the quarry cost on one or both of the* raw materials. And there are 
also a few plants- --and hen* again some very large ones — which buy one 
or more of the raw materials. It is obvious that these matters can not 
be discussed in detail without practically designating the plants under 
discussion, so I am merely noting these facts hero, in order to assure the 
reader that they are allowed for in the data presented later. 

In addition to actual working and transport costs the raw materials 
should carry certain other charges and allowances. These must cover 
the depreciation or replacement charges of all sorts— on quarry equip- 
ment, on the first cost of opening and preparing the operation, and on 
the raw material supply itself. It will bo most convenient to consider 
all of these together under heading I), depreciation allowances. 

Records of a number of important mills, ranging in size from medium 
to very largo, and showing a wide range in types of raw materials used, 
gave costs (per barrel of cement) for raw material delivered at mill 
that ranged from 5.8 cents up to 21.19 cents. The throe highest costs 
were due in each ease, not to high quarry costs but to high freight rates 
from quarry to mill. The arithmetical average for the entire lot would 
be 13.28 cents per barrel cement. A weighted average would be some- 
what higher, since some of the very largest, of the mills had the highest 
raw material costs. But for the American industry as a whole the 
unweighted average is probably fair enough, on the 1910-1915 price 
level. 

B . Mill costs proper. — The mill costs proper, as here defined, include 
all the charges for drying, grinding and burning the raw materials, for 
grinding and packing the cement, and for the necessary chemical and 
mechanical supervision of these operations. They should also include 
depreciation charges against the mill, but for convenience these allow- 
ances will be taken up, like quarry depreciation, under D. 

Mill costs are made up of a very large number of items, which can 
be grouped either by department or by character of cost itself. The 
former is convenient from one point of view, and has been considered 
earlier in this volume where fuel and power costs are discussed by depart- 
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ment. For our present purposes it will he far more useful to group 
them in the other way, according to the character of the cost item itself. 

Looked at in this manner we can pick out immediately two large 
items — those relating to labor, and those relating to fuel and power. 
The labor and coal items, taken together, make up commonly three- 
quarters of all the mill costs. The balance is made up by certain sup- 
plies— i.e., gypsum, oil, repair parts, etc. — and by the cost of superin- 
tendence, mill office and laboratory. 

The ordinary range in distribution of the different items is brought 
out well enough by the tabulation following, covering long-time results 
at five mills, in percentages of the total mill costs. 

Taolu 211. 

Mll.I. Costs 


Item 

No 1 

~ V. , 

No .1 

.. N " 1 J 

No -> 

\ \ (1 


1\ r (Ynt 

1*1*1 (Ynt 

IVr (Ynt 

lYi (Ynt ! 

IVr ( '» lit 

lYi (Ynt 

Labor 

20 

40 

00 

28 | 

20 

01 

Kiln coal 

2:i 

is 

10 

27 

15 

20 

Power coal, etc 

20 

24 

20 

20 

20 

2U 

Supplies 

22 

13 

25 

15 

20 

20 

Office, etc. 

0 

2 

0 

1 

7 

4 2 




100 

100 

100 

! 

100 

1(H) 

1(H) 


Of the costs above tabulated, one ha^ been heretofore published by 
another engineer; the remainder art* from my own records. It might be 
noted that two exceptional mills are included, one as regards high labor 
cost, another as regards power plant. But these exceptions, being in 
opposite directions, are smoothed out by the arithmetical average given 
in the last column. 

As to total costs per barred, records covering an important group of 
mills show (always on the 1910-1915 price level, bo it understood) total 
costs that may be summarized as follows: The lowest mill cost for a year 
or more was 36 cents per barrel; the highest was 70J cents; the arith- 
metical average for the group, covering perhaps a quarter or more of the 
total American cement output during that period, was 53 cents. This, 
however, happens to be entirely too high, because the very largo mills in- 
cluded had by far the lowest mill costs, while two very exceptional small 
mills have too much effect on the merely arithmetical average. Weighted 
by barrels of output, the average would 1x3 reduced to a total mill cost 
of about 42 cents per barrel. 
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Total cost on cars. — Tho sum of tho two cost-groups so far consid- 
ered {A and B) is of course the actual net cost of cement on cars; dis- 
regarding depreciation, administrative expenses, sales and advertising. 
This sum, which is of course not a proper basis for fixing prices, ranged 
for an important number of mills, during periods of a year or more — still 
on the 1910-1915 price level— from 54.24 cents up to 91.70 cents per 
barrel, f.o.b. cars at mill. The arithmetical average for the mills con- 
sidered is 04.55 cents. But here again the large mills had the lowest 
costs, so that a properly weighted average would fall between 55 and 
00 cents per barrel. 

The relation between the main items in the cost f.o.b. cars and the 
fluctuation of both these items and the total, over a period of recent 
years, is well shown in the table below, which gives the actual data for 
three companies of various sizes none of which wen 4 included in the group 
above noted, for tho years 1913 1921 inclusive. It may be noted that 
the order in which these three companies are arranged in "Fable 212 fol- 
lowing has purposely no relation to the size of the company: 


Tahlk 212. 

Quakky and Mni. Costs of Cement, 1913-1921 



mu 

mi i 

mu 

mm 

mi7 

mis 

mm 

11)20 

1921 

Company A 

Coal 

20 00 

19 05 

18 24 

19 23 

27 18 

34 00 

32 80 

44 53 

34 18 

Material 

12 72 

12 97 

12 23 

13 49 

16 54 

22 70 

23 75 

26 57 

26 35 

Labor 

24 27 

20 10 

23 86 

20 95 

32 89 

40 56 

48 10 

54 40 

40 38 


57 05 

58 72 

54 33 

59 67 

76 61 

97 26 

104 77 

127 56 

100 91 

Company 11 

Coal 

22 10 

23 20 

21 70 

25 80 

48 67 

36 58 

33 39 

66 83 

48 80 

Material 

8 58 

1 8 83 

10 04 

9 02 

12 32 

16 59 

19 98 

28 92 

25 05 

Labor 

10 70 

19 25 

10 17 

16 82 

23 04 

28 is' 

25 00 

33 73 

24 19 

Repairs 

4 78 

4 82 

3 99 

5 11 

8 07 

10 24 

11 39 

17 49 

15 78 


52 10 

56.10 

52 50 

56 75 

92 10 

91 59 

89 82 

146 97 

113 82 

Company C 

Coal . 

21 52 

19 66 

18 26 

23 10 

41 84 

45 71 

37 14 

58 41 

45 54 

Material 

10 00 

12 10 

11 30 

7 84 

11 56 

19 37 

21 00 

24 87 

30 53 

Labor 

14 84 

16 59 

16 14 

20 44 

26 35 

35 72 

35 53 

45 61 

31 50 


40 42 

48 35 

45 70 

51 38 

79 75 

100 80 

94 67 

128 89 

107 57 


C. Administrative and selling costs. — Heretofore we have been 
dealing with items of cost which have some necessary and reasonable 
relation to the work done, but in C and D we reach cost items of another 
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class; and in consequence they show a far wider variation per barrel of 
output than do any of the other cost items. 

The administrative and selling costs may range from 5 cents a barrel 
to 25 cents and perhaps more, though it must be admitted that such 
extremes are exceptional. The wide range is due, not to variation in 
salaries and general expenses, but to differences in selling methods and 
agreements. Other overhead charges also vary widely. 

As typical of the wide range in those overhead items, from mill to 
mill and from year to year, the actual costs of such items totaled jus 
follows for four American companies for the years 1913 to 1921 inclusive. 
The totals cover, in each case, general and administrative expenses, 
selling and shipping costs, advertising, taxes, insurance, etc. All are 
quoted in cents per barrel. 


Table 213. 


Overhead Costs of Cement Companies, 1913-1921 


Your 

Company I) 

Company E 

Company I 1 ’ 

Company CJ 

1913 

15 70 cts 

12 38 cts 

18 08 cts 

13 39 cts 

1911 

17 13 

14 90 

10 11 

10 77 

1915 

17 43 

13 92 

12 85 

14 84 

1910 j 

12 91 

17 71 

23 93 

14 59 

1917 

21 74 

23 85 

15 51 


1918 

27 89 

32 33 

43 37 

31 94 

1919 

28 58 

33 32 

45 83 

34 93 

1920 

25 04 

31 81 

35 23 

33 72 

1921 

38 01 

31 17 

40 33 

49 81 


I). Depreciation Allowances. — All of the cost items grouped under 
A, B, and C, are paid out in cash, and most of them at frequent and 
regular intervals; for these reasons they can not easily be overlooked or 
misunderstood. But with regard to allowances for depreciation, 
obsolcsencc and raw material depletion the case is very different; 
these are not items of current outgo, but they are matters which accu- 
mulate over long periods and then arc apt to come somewhat as a sur- 
prise. 

Taking up first the matter of raw material depletion, we can sec that 
a quarry will be exhausted some day, so that each ton of rock quarried 
should carry an allowance to cover this fact. What is rarely seen so 
clearly, however, is that this allowance has no relation whatever to the 
cost of the quarry; it should be based on the cost of buying another and 
equivalent quarry. For example, there is a rather important plant 
which now has perhaps five or ten years’ supply of limestone. Its old 
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properties cost a few dollars per acre; a depletion charge on this basis 
might fairly be one-tenth cent per ton. But when the existing quarry is 
gone, there is now no other supply within say ten miles of the mill, and 
this new supply, under the circumstances, is likely to cost rather more 
than a few dollars per acre. So a replacement charge begun over ten 
years ago should have amounted not to one-tenth cent per ton, but to 
several cents. 

It is hard to value the matter exactly, but to judge from my own 
acquaintance with the conditions at a very large number of mills, I 
should say that 90 per cent of the American mills have ample supplies — 
sufficient to run from 20 to 100 years or more-bought at very reason- 
able figures; and that the depletion allowance might range from a 
maximum of perhaps one cent a barrel down to one-tenth cent per ton 
of rock. On the other hand perhaps 10 per cent of existing mills will 
have to do something about new raw material supplies in the course of 
ten years; in such cases the depletion allowance should be fixed with 
reference not to the original cost of the old land, but to the cost of obtain- 
ing new properties. 

As for plant depreciation, that is also intangible and uncertain. If 
no entirely new methods or processes appear within the next fifteen 
years, an allowance of 5 per cent of the actual cost of the old plant will 
be more than enough to cover normal depreciation, provided of course 
that the usual repairs art' kept up from year to year. For the plants 
built before 1916, the allowance suggested would be equivalent to 
around five cents per barrel of cement produced; for plants built during 
the war-boom, it might amount to ten or even fifteen cents per 
barrel. 

The range and trend of total costs. — If we add together the various 
partial costs whose details have been discussed above, we find a total 
cost which varies from mill to mill, but still more strikingly from year 
to year. This point is well shown in Table 214 following, which gives 
total costs at a large group of American mills, representing together 
around a quarter of the total American output of Portland cement. The 
table covers the period 1913 to 1921 inclusive; and like the preceding 
the costs are stated in cents per barrel. 

It should be noted that the large group tabulated above represent 
about the lowest-cost large fraction of the American industry; for the 
American industry taken as a whole the average cost of cement shipped 
would be from 10 per cent to 20 per cent higher than the costs in Table 
214, according to the year and to local conditions as regard coal, 
labor, etc. 
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Table 214. 

Total Costs of Cement Manufacture, 1913-1921 


V ear 

Total Costs per Barrel Shipped, 
Cents per Barrel 

Year 

Total Costs per Barrel Shipped, 
Cents per Barrel 

1913 

73 4 cts 

1918 

145 4 cts 

1914 

. 73 14 

1919 

140 7 

1915 

09 0 

1920 

181 2 

1910 

79 8 

1921 

102 5 

1917 

112 9 

1 



The course of cement prices, 1880 1920.— The course of Portland 
cement prices in the United States has shown very clearly the effects of 
various factors in the industry in the period 1880 to 1920. 

At the outset, the price of Portland cement in our seaboard cities 
ranged from $2.50 to $3.50 per barrel during all the period prior to 1890. 
The bulk of our supply was imported at that time, and foreign makers 
fixed American prices by consequence. The effects of the gradual 
growth of the American industry are shown in the steady fall in prices 
as that industry came to take a larger and larger share of the home mar- 
ket. Up to around 1895 the American industry was still working along 
old lines of manufacture, and prices normally ranged between $2.00 
and $2.50 per barrel, a striking testimony to the high manufacturing 
costs under old methods of burning. 

From around 1895 onward the full effect of the rotary kiln method 
began to bo shown in average costs and, by consequence, in average 
prices. Prices pitched down with scarcely an interruption, reaching an 
average of 88 cents per barrel in 1904 as compared with $1.02 as late 
as 1898. A little later there was renewed pressure on prices, owing in 
part to the adoption of the long kiln. The economies due to this im- 
provement were, as has been stated earlier, relatively slight; but they 
brought about further price reductions as shown in table 215 below. 

So far I have been speaking of nominal prices, as expressed in Amer- 
ican currency. But the experience of the world since 1913 has convinced 
everyone that prices of any single commodity, expressed in currency 
values, are to a large extent unreal, because the currency itself is in 
course of fluctuation. In order to get a fair idea of what has happened 
to cement prices during the period 1890 to 1920, I have therefore cal- 
culated, in the last column of table 215, the real prices, which equal the 
nominal prices divided by the average price index of the year. This 
matter has been already discussed in the Introduction, on pages 7 
and 9. 
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In Fig. 132 the real prices are shown graphically for the entire period 
1890 to 1920, inclusive. 



Fi<; 132 — “Real” prices of Portland cement, 1890-1020; being currency prices 
reduced to true values by means of average price index 


The Production of Portland Cement 

World’s cement industry and output.— There are no precise data 
available as to the production of Portland cement throughout the world, 
and of course during very recent years the cement industry has been 
hopelessly disorganized, in most countries, less by the real war than by 
the semi-peace which followed. It is questionable if during any year 
since 1913, for example, the total world output has been as high as was 
reached in that year. Beginning with 1922 we may fairly expect a 
resumption of the growth of the cement industry, perhaps at something 
approaching its old rate of increase. 
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Table 215. 


Prices, Nominal and Real, of Portl\nd Cement, 1890-1920 


Year 

Nominal Pi we per 
Barrel m C’urreni j 

Index N unilter, 
Axeiat'e Pine* 

Relut i\ e or True 
Pure 

1890 

„ 2 09 

84 

$2 49 

1891 

2 13 

84 

2 54 

1892 

2 11 

79 

2 67 

1893 

1 91 

79 

2 12 

1894 

1 73 

72 

2 40 

1895 

1 60 

70 

2 29 

1896 

l 57 

67 

2 35 

1897 

1 61 

67 

2 40 

1898 

l 62 

69 

2 35 

1899 

1 43 

76 

1 88 

1900 

1 09 

83 

1 31 

1901 

0 99 

81 

1 22 

1902 

l 21 

81 

1 44 

1903 

1 21 

85 

1 46 

1904 

0 88 

81 

1 05 

1905 

0 91 

87 

1 08 

1906 

l 13 

92 

1 23 

1907 

1 11 

97 

1 14 

1908 

0 85 

92 

0 924 

1909 

0 813 

95 

0 856 

1910 

0 891 

99 

0 900 

1911 

0 84 1 

96 

0 879 

1912 

0 813 

100 

0 813 

1913 

1 005 

101 

0 995 

1911 

0 927 

KM) 

0 927 

1915 

0 860 

101 

0 851 

1916 

1 103 

121 

0 889 

1917 

1 354 

176 

0 770 

1918 

1 596 

196 

0 814 

1919 

1 71 

212 

0 807 

1920 

2 01 

211 

0 829 


The world’s total output of hydraulic cements for the latest dates 
obtainable has been placed * at 37 million tons annually. Of course 
this total includes not only Portland, but natural, grappier and puzzolan 
cement, hydraulic lime, etc. There is no use attempting to make cor- 
rections for these less important hydraulic products; they reach their 
maximum importance in France, where the natural, slag and grappier 
cement output is something over one million tons, as against a Port- 
land output of a little under one million. In most other countries 
Portland represents all or almost all of the cement now produced. We 
can fairly assume that in the years covered the amount of Portland 
cement alone reached 35 million metric tons. With reasonable luck 

* Schultz, R S Cement in Foreign Countries, Min Res U S for 1918, vol II. 
pn 589-621 
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in the way of reconstruction of industries and finances, the world will 
probably take at least 50 million tons of Portland cement by 1930. 

The world total above stated was divided by continents as follows: 


Europe 

North America 
Asia 

Australia 

Africa 


17,861,400 metric tons 
17,629,700 “ 

1,049,300 “ 

254,000 “ 

152,400 “ 


World total 


37,038,200 metric tons 


The more important producers, having a yearly output above 100,000 
tons, are 


United States 
British Empire 
France and colonies 
Belgium 
Germany 


16,103,600 metric tons 
4,872,500 “ ‘ ‘ 

2,058,400 “ 

2,032,000 “ “ 

7,193,300 “ 


In considering this last item we must recall that it is at present reduced 
to a considerable extent. France, Denmark and Poland have gained 
producing cement plants at the expense of the former German total. 
It is probable that at present the German Republic still holds second 
place as a producer, but it is also probable that this rank is held by a 
very narrow margin as against the British Empire and France. With 
the normal development of the British and French regions, it is ques- 
tionable if Germany will rank higher than fourth by 1930. 

The countries which will show the highest future rates of growth, 
aside from the United States and Canada, seem likely to be South Africa 
and Australia, both having adequate fuel supplies. Argentina and 
Brazil are cramped by lack of domestic coal supplies. 

The American Portland-cement industry. — The Portland-ccmcnt 
industry of the United States dates back to around 1875, when the first 
attempts at American manufacture of that commodity took place. 
For twenty years the growth of the industry was at a rapid though not 
surprising rate. The adoption of the rotary kiln with powdered coal 
as fuel led, however, to a very remarkable rate of growth during the 
decade 1895 to 1905, as is shown by the percentages of increase calculated 
for the table below. 

The end of this period of exceptional growth came in 1906; the 
imminence of the change was pointed out * by the present writer early in 
* Engineering Magazine, January, 1907. 
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the following year. After its recovery from the financial crisis of 1907-8 
the Portland cement industry recommenced its growth, but this time at 
rates corresponding quite closely to those of other great American 
industries. Hereafter it may be expected to keep in close touch with 
general industrial and business conditions; to advance when these are 
sound, to fall off temporarily when a financial crisis is on hand; but not 
to grow independently as it did during its period of youthful boom in 
1895-1906. 

The facts as to growth of the American industry during its whole 
history are shown most clearly when the rates of growth, by periods, 
are calculated and tabulated as in table 216 following: 


Tablk 216 . 


Growth of American Portland Cement Industry, 1880-1920 


Your 

( hit put, OarroU 

IVjiod Covoiod 

Rato of ( Irow th 1 hiring 
['i\o-vour I'oriod, IVr Out 

1880 

42,000 



1885 

150,000 

1880-1885 

257 

1890 

885,500 

1885-1890 

124 

1895 

990,824 

1890-1895 

195 

1900 

8,482,020 

1895-1900 

757 

1905 

85,248,812 

1900-1905 

810 

1910 

70,519,951 

1905-1910 

117 

1915 

85,914,907 

1910-1915 

12 

1920 

100,802,000 

1915-1920 

17 


The Canadian Portland-cement industry. — The first Canadian pro- 
duction of Portland cement was in 1890, but the industry did not grow 
rapidly until around 1900-1905. At first there was a large percentage 
made from a marl-clay mixture; this type of mix accounted for 28 per 
cent of the total output as late as 1911; but to-day the use of marl has 
fallen off sharply, and less than 2 per cent of the 1917 output was so 
produced. 
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The data in the following table are taken from the records of the 
Canadian Department of Mines: 


Table 217. 


Canadian Output of Portland Cement, 1890 to Date 


Calendar Year 

Barrels 

Value 

Average Value 

1890 

14,695 

$17,583 

$1 20 

1891 

2,633 

29,221 

5,082 

1 93 

1892 

52,751 

1 81 

1893 

31,924 

63,848 

2 00 

1894 

35,177 

69,795 

1 98 

1895 

62,075 

112,880 

1 82 

1896 

78,385 

141,151 

1 80 

1897 

119,763 

209,380 

1 75 

1898 

163,084 

324,168 

1 99 

1899 

255,366 

513,983 

2 01 

1900 

292,124 

562,916 

1 93 

1901 

317,066 

565,615 

1 78 

1902 

594,594 

1,028.618 

1 73 

1903 

627,741 

1,150,592 

1 83 

1904 

910,358 

1,287,992 

1 41 

1905 

1,346,548 

1,913,740 

1 42 

1906 

2,119,764 ! 

3,164,807 

1 49 

1907 

2,436,903 

3,777,328 

1 55 

1908 

2,665,289 

3,709,139 

1 39 

1909 

4,067,709 

5,345,802 

1 31 

1910 

4,753,975 

6,412,215 

1 35 

1911 

5,692,915 

7,644,537 

1 34 

1912 

7,132,732 

9,106,556 

l 28 

1913 

8,658,805 

11,019,418 

1 27 

1914 

7,172,480 

9,187,924 

1 28 

1915 

5,681,032 

6,977,024 

l 23 

1916 

5,369,560 

6,547,728 

1 22 

1917 

4,768,488 

7,724,246 

1 62 

1918 

3,591,481 

7,076,503 

1 97 

1919 




1920 





During the past decade or so the chief increases in Canadian cement 
consumption seem to have been in the Prairie Provinces, and this region 
is apt to continue to be a growing market for many years to come. The 
other Canadian region which offers great hopes for heavy increases in 
future is in the Maritime Provinces, where the proximity of the Sydney 
coalfield and the shipping facilities point toward the development of an 
export business. A good Nova Scotia mill to-day would have distinct 
advantages, as regards export to any South American country, as against 
any mill in the United States. 



CHAPTER XXXVI. 


CONSTITUTION, SETTING PROPERTIES, AND COMPOSITION OF 
PORTLAND CEMENT. 

Limitations of chemical analyses.— An ordinary chemical analysis 
of a specimen of cement will determine what (dements are present in 
the cement, and in what percentages these various constituents are 
represented. The comparison of a long series of such analyses, such as 
is presented later in this chapter, will enable certain conclusions to be 
drawn as to the probable limits of composition of good Portland cements; 
and an analysis of a single cement may show that it contains undesirable 
ingredients or that inert material is present in undesirable quantity. 
But these methods of investigation fail to give the least information 
concerning the real constitution of Portland cement as distinguished 
from its composition; they give no information whatever as to the man- 
ner in which the various elements are combined among themselves. 
They fail, moreover, to give any clue to the reason why certain mixtures 
give good cements, while others give weak or unsound products; and 
they affoid no explanation of the “hydraulic” or setting properties 
which the powdered clinker possesses. It is evident, therefore, that 
other methods of investigation must be adopted, since even the most 
careful chemical analysis fails to aid us in this line of research. 


Constitution and Setting Properties. 

Available methods of investigation. — Two distinct methods of inves- 
tigation are available — microscopic and synthetic. 

The first has been applied with great success by geologists to the 
study of the igneous rocks, and as cement clinker is practically an arti- 
ficial (thdugh very basic) igneous rock, the microscope can be used 
successfully in its examination. Bv grinding normal clinker of known 
analysis down to thin transparent slices, the microscope is able to detect 
certain constituents common to all good clinkers. The next step, 
of course, is to determine the composition of these different constitu- 
ents, and here the synthetic method is applicable. 
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In synthetic work pure lime, silica, alumina, etc., are mixed in certain 
definite proportions and burned to a clinker. The hydraulic properties 
of this clinker can be examined by powdering part of it and testing 
the resulting cement. Examination under the microscope will fix 
certain optical characters peculiar to each clinker composition, and 
the data thus obtained can be used to determine the constituents of 
commercial-cement clinker, as noted in the preceding paragraph. 

Synthetic investigations.— Richardson has recently summarized the 
results of his own studies and those of previous observers as follows: 

“ The preparation of synthetic silicates and aluminates which might 
exist in Portland cement was carried out to a certain extent by Le Cha- 
tclier and the Newberrys, but in neither case were these compounds 
characterized completely, especially as to their optical properties. This 
has been done by the writer within the last two years, and the optical 
properties and other characteristics of the following definite silicates 
and aluminates have been determined. 

“ Monocalcic silicate (Si() 2 OaO): A crystalline substance of high 
optical activity and little or no hydraulic properties. Specific gravity 
2.90. 

“ Dicalcic silicate (Si() 2 20a(), or more probably 2Si 2 4CaO): A 
definite crystalline compound of high optical activity and of very little 
hydraulic activity except in the presence of carbonic acid, but setting 
slowly in water, generally lacking volume constancy. Specific gravity 
3.29. 

Tricalcic silicate (Si0 2 3Pa0): A definite crystalline silicate of 
low optical activity and corresponding in this respect with alit. Its 
hydraulic activity is not great, but greater than that of dicalcic silicate. 
If fused and reground it sets slowly like Portland cement. Specific 
gravity 3.03. 

“ Three definite silicates of calcium, therefore, appear to exist, the 
two more basic ones being strongly differentiated from each other by 
their optical activity. 

“ Monocalcic aluminate (Al 2 0 3 Ca0): This aluminate is a crystal- 
line substance of high optical activity, but is not sufficiently basic to 
permit of its existence in a material of such basic character as Portland- 
cement clinker. Specific gravity 2.90. • 

“ Tricalcic dialuminate (2Al 2 0330a0) : This aluminate is one of 
highly crystalline character and of great optical activity, making it 
readily recognizable. Specific gravity 2.92. 

“ Dicalcic aluminate (Al 2 032Ca0) : A substance crystallizing from a 
state of fusion in dendritic forms having no optical activity and being, 
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therefore, isotropic. This differentiates this aluminate very sharply 
from the preceding one and makes the identification of the two materials 
very easy. Specific gravity 2.79. 

“ Tricalcic aluminate (AI 2 O 33 C 11 O) : This aluminate crystallizes from 
the fused condition in elongated octahedra. It is isotropic and it might 
at first be assumed that it was not a definite compound, but merely the 
dicalcic aluminate crystallizing out of a magma of indefinite composi- 
tion. It has been shown, however, bv further investigations too lengthy 
to go into at this point, to be undoubtedly a definite aluminate. Specific 
gravity 2.91. 

“ Definite compounds of iron and lime and alumina and magnesia 
have also been shown to exist, but their consideration here is unneces- 
sary, as the constitution of Portland cement can lie better discussed, 
theoretically, by a study of clinker, into which these elements do not 
enter. 

11 Among the theories advanced as to the constitution of Portland 
cement there are those which assume the presence of certain so-called 
silico aluminates, such as 2Si()a, 2 AI 2 O 3 , OCaO, and others of less basic 
form. All of these proposed compounds have been prepared by the 
writer and found not to be definite chemical compounds nor to corre- 
spond in any way with any of the mineral entities found in industrial 
clinker. They are in fact only solid solutions, of aluminates in silicates, 
of indefinite structure.” 

Microscopic investigations. — Le Ohatelier, Torncbohm, and Richard- 
son have studied both industrial and synthetic clinker under the micro- 
scope, and the results of these preliminary studies have thus been sum- 
marized by the last-named investigator: 

“ By this method of study Lc Chatelier, and, at the same time inde- 
pendently of him, Torncbohm, identified in Portland-cement clinker 
four distinct mineral constituents which Torncbohm described as fol- 
lows, naming them Alit, Belit, Oelit and Felit: 

“ Alit is the preponderating clement and consist of colorless crys- 
tals of rather strong refractive power, but of weak double refraction. 
By this he means that alit in polarized light between crossed nicol prisms 
has insufficient optical activity to produce more than weak bluish gray 
interference colors. 

“ Celit is recognized by its deep color, brownish orange. It fills the 
interstices between the other constituents, being the magma or liquid 
of lowest freezing-point out of which the alit is separated. It is strongly 
double refractive, that is to say, gives brilliant colors when examined 
between crossed nicol prisms. 
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“ Belit is recognized by its dirty green and somewhat muddy color 
and by its brilliant interference colors. It is biaxial and of high index 
of refraction. It forms small round grains of no recognized crystalline 
character. 

“ Felit is colorless. Its index of refraction is nearly the same as that 
of belit and it is strongly double refractive. It occurs in the form of 
round grains, often in elongated form, but without crystalline outline. 
Felit may be entirely wanting. 

“ Besides these minerals an amorphous isotropic mass was detected 
by Tornebohm and Le (’hatelier. It has a very high refractive index. 

“ Tornebohm adds the important fact that a cement 4 per cent richer 
in lime than usual consists almost entirely of alit and colit.” 

Theories of constitution. — Until recently Port land-cement clinker 
was commonly assumed to be a mixture of two or more definite chem- 
ical compounds, and the principal points at issue between various inves- 
tigators were: (l) the exact formulas for these compounds, and (2) the 
proportion in which they must exist to give a good Portland cement. 
The two theories, in this regard, that have made the most impression 
upon modern cement practice are those presented respectively by Le 
Chatelier and Newberry. Recently, however, Richardson has formu- 
lated a theory of entirely different type. Those three explanations of the 
constitution of Portland clinker will, therefore, be described briefly. 

Le Chatelier, speaking of Port land-cement clinkers, states* that: 

“ Examined in thin plates under the microscope they are formed 
of tricalcic silicate in crystals, with very feeble double refraction, 
embedded in a crystalline ground-mass of silico-alumina — ferrites of 
lime. These are the two essential elements of Portland cement. If 
the lime is in excess, aluminate of lime is first formed; then for a still 
greater excess, ferrite of lime, and finally free lime. If, on the other 
hand, the lime is deficient in quantity, a dicalcic silicate is formed, 
recognizable by the spontaneous crumbling of the burnt pieces of cement. 
When the mixture is imperfect or the burning insufficient, the reactions 
remain incomplete, and although the average composition may be 
suitable, there is a simultaneous production of free lime and aluminate 
of calcium with dicalcic silicate. In a Portland cement of normal com- 
position the proportion of lime, according to the chemical formulas 
of the compound, should be greater than that determined by the follow- 
ing formula: 

Si0 2 — A LO.'t — F02O3 
CaO 

* Trans. Amer. Inst. Mining Engineers, vol. 22, pp. 3-52. 


• • ( 1 ) 
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in which OaO, SiOj, AI 2 O 3 , FC 2 O 3 represent not the equivalent weights 
but the number of equivalents of these substances present; that is to 
say, the quotients of the weights of the substances divided by their 
equivalent weights.* This proportion of lime must never, on the other 
hand, reach the relation indicated by the following formula: 

<3 f2) 

Si (>2 T AI 2 O 3 — F 02 O 3 ' 

which corresponds to the exclusive' formation of aluminate of calcium. 
It is necessary, by reason of the inevitable imperfection of the mix- 
ture, to keep always well below this limit, beyond which there will 
remain uncombined lime. In the use of this formula, magnesia should 
be added to the lime and sulphuric acid to the denominator after dividing 
its number of equivalents by 3.” 

On a later page Le Chatelier states that Portland cements of good 
quality would give a value between 3.5 and 4.0 for formula 1, and 
between 2.5 and 2.7 for formula 2. 

The Newberrys, working on synthetic cements prepared from pure 
raw materials, obtained results differing from those' of Le Chatelier in 
one important particular. They agreed with him that the lime and 
silica combined in the form of the tricaleic silicate dCaO.SiOa; but in 
regard to the lime-alumina compound they derided that it was present 
as the diealcic aluminate 2( Ti( ). Al->< ).-i instead e>f in the tricaleic form 
given by Le Chatolior. These results gave, as the general formula for 
a pure Portland, 

rflCaO.SiOa) +y(2( 'aO.ALl^). 

No allowance is maele for magnesia, as the experimenters decided 
that it could not give' a hydraulie* proeluct if presemt in Portland cement; 
while iron is ne'glectoei because of the' small percentage in which it usu- 
ally occurs. 

Richardson, working both with the miemseopo anel with synthetic 
preparations, has evolveel a theory e>f much ingenuity and complexity 
by treating the investigation as a study in seiliel solutions. Fe)r the 
details of this remarkable anel important weirk reference should be 
made to his original papers.! In the present place only a brief sum- 
mary of his*principal conclusions can be given. 

He believes that the two principal constituents of a good Portland- 
cemcnt clinker are the materials identifieel under the microscope by 
Tornebohm and named alit anel colit; that alit is a solid solution 
* For a table of combining weights, see p 11 of this volume 
f See list on p 519 
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of tricalcic aluminate (SCaO.AEOy) in tricalcic silicate (Ca0.Si02), 
while celit is a solid solution of dicalcic aluminate ( 2 Ca 0 .Al 20 . 3 ) in 
dicalcic silicate (2Ca0.Si02). 

“ Having determined that alit and edit are solid solutions of alu- 
minates in silicates, the aluminates being present in less than an amount 
sufficient to make a saturated solution of aluminate in the silicate, 
it becomes of interest to consider how these solutions are formed during 
the conversion of a raw mixture or of a mixture of pure chemicals into 
a clinker. It would be simple to understand this if fusion took place in 
its formation, but this does not happen, the material is only sintered. 
If two gases are brought together they diffuse into each other with very 
great rapidity. If two liquids are poured one upon the other in layers 
without mixing, they diffuse more slowly. If solids are brought into 
contact it would be naturally assumed that diffusion would cease. Ex- 
periments of Robert-Austen have shown that molecular mobility in 
solids exists, since when carefully polished surfaces of gold and lead are 
brought into contact and left under pressure for some months, at the 
ordinary temperatures, gold is diffused into the lead and the lead into 
the gold for an appreciable distance. Mixtures of the components 
which would produce a fusible wood metal when subjected to pressure 
at ordinary temperature become converted into this alloy. Anhydrous 
sulphate of soda and carbonate of barium also diffuse when brought 
into close contact with the formation of barium sulphate and carbonate 
of soda. It is not difficult to understand, therefore, how at a tem- 
perature of 1050° C. the particles of silica, alumina, and lime may diffuse 
below the melting-point of the resulting clinker to form a Portland 
cement, and the fact that such a clinker is stable depends not only on its 
composition, but upon the fact that the diffusion has been complete, 
even in material which is only sintered. Sintering, therefore, may be 
defined as diffusion at a temperature below the melting-point of the 
components or of the resulting solid solution. That diffusion under such 
conditions is surprisingly rapid is seen by placing a particle of ferric 
oxide on the surface of white Portland-cemcnt clinker, and then sub- 
mitting it to a moderately high temperature. The rapid diffusion of iron 
through the white clinker can readily be noticed by the color which 
spreads through the mass. Jt- is evident that the higher the temperature 
the more rapid the diffusion until it becomes very rapid on fusion. From 
this it may be concluded that the length of time during which it is 
necessary to expose any mixture of silica alumina and lime to a tem- 
perature is a function of the temperature, and should be longer, the 
lower the tempe ratine.’ 1 
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Recent investigations. — In recent years the most important work 
done along these lines has been that carried on by Rankin and others at 
the Geophysical Laboratory of the Carnegie Institution, and at the 
U. S. Bureau of Standards. The summary following, which brings up to 
date our knowledge of the constitution or normal Portland cements, 
is based upon the work of Rankin later cited. It will be seen that, so 
far as active constituents are concerned, these recent investigations 
take us back again to the ideas of Le Chatelier. They are, however, 
based on a far broader range of experiments under varying conditions, 
carried out with great precision; and they will ultimately lead in the 
direction of improved cements. 

The essential components of a normal Portland cement, disregarding 
the presence of magnesia and iron oxide are, according to Rankin, tri- 
calcic silicate, dicalcic silicate and tricalcic aluminate. 

When a mixture made up only of lime carbonate, silica and alumina 
is heated the first change is the evolution of carbon dioxide. The lime 
then unites with the other components to form the two compounds 
5Ca0,3Al203, and 2Ca(),Si()2. Subsequently these two unite in part 
with more lime to form 3CaO,Si(>2 and SGaf^ALOu. As the temper- 
ature rises more and complete combination occurs, with the final result 
that a perfectly burned clinker contains only dicalcic and tricalcic 
silicates, and tricalcic aluminate. The table following (218) gives data 
on the compounds actually present under both theoretical and com- 
mercial conditions: 

Table 218. 


Compositions and Burnino Temperatures of Portland Cements 


Portland 

Cements 

Aetual Components 

Burning 
Temper- 
ature, 
Deg C 

Pure 


f CaO 08 4 ] 

1 A1A 8 0 100 0 

[ 8i() 2 23 0 j 

1050 

White 


f CaO 60 2 ) 

A1 A 6 4 97 6 ) 

SA 25 Oj | 

L MgO, FeA, Na*0 f 

[ and K 2 0 2 4 j 

1525 

Commercial 

gray 


fCaO 63 2] ) 

A1 2 0 3 7 7 93 3 

Si0 2 . 22 4 J 

MgO, FeA, Na 2 0, 

[ KoO and S0 3 0 7 J 

1425 


Constituents of Resulting Cements. 


{ 2CaO SA 
3CaO Si() 2 
( :iCaO AijOs 


{ 2Ca( ) Si() 2 
3CaO SiOj 
l 3CaO A1A 


Small 
amount 
of CaO 


’ 2Ca() 8 A ) Small amounts of 
3Ca0.Si0 2 5Ca0 3Al 2 0 3 Ca0 
3CaO A1A J and ferrites 
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In the first edition of the present volume, published some fifteen 
years ago, the author suggested that then 1 was no reason to assume that 
the composition of our normal commercial Portland represented the 
best attainable, and consequently treated Portland cement as an 
attempt to secure a pure tricalcic silicate. This idea, at that date 
somewhat unusual, is now accepted quite broadly. Furthermore, there 
was the suggestion that we might come to make cements of Portland 
type, but specially high in alumina, in iron oxide or in magnesia — all 
for special uses. These things also have come to pass, and the special 
high-alumina and high-iron Portlands are discussed in the present 
edition on pages 517-519. 

Setting properties of Portland Cement.— -The theory which has been 
quite generally accepted as explaining the setting of Portland cement 
was that advanced by Le ('hatcher. He considered that the aluminate 
of lime, in contact with water, hydrated and hardened like plaster, 
according to the equation: 


3Ca(). Al 2 ( >3+121 1 2 0 - :K ki( ).A1 2 < h- 1 2H 2 0. 

To this action of the aluminate was ascribed the initial set of the cement. 
The later hardening was ascribed, however, to the decomposition of the 
lime silicate. In contact with water it sots, dividing so as to give 
hydrated monocalcic silicate crystallizing in microscopic needles, and 
calcium hydrate crystallizing in largo hexagonal plates: 

3CaO. Si() 2 + water =(ki().Si() 2 .2JII 2 ()+2(Ca().Il20). 

In general this theory, has been accepted. 

Richardson, however, has recently modified * this theory in an im- 
portant way. He considers that the setting of Portland cement is 
due to the decomposition of the silicates and aluminates of the clinker 
by the action of water, producing lime hydrate (( 'aidR.Oa) in a peculiarly 
active form. 

“ On the addition of water to a stable system made up of the solid 
solutions which composed Portland cement a now component is intro- 
duced which immediately results in a lack of equilibrium, which is only 
brought about again by the liberation of free lime. This free lime the 
moment that it is liberated is in solution in the water, but owing to the 
rapidity with which it is liberated from the aluminate, the water soon 
becomes supersaturated with calcic hydrate, and the latter crystallizes 

* Richardson C The setting or hydration of Portland cement. Engineering 
News, vol. 53, pp 84-85 Jan 26, 1905. 
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out in a network of crystals which binds the particles of undeconiposed 
Portland cement together. From the characteristics of the silicates 
and aluminates it is evident that the latter are acted upon much more 
rapidly than the silicates, and it is to the crystallization of the lime 
from the aluminates that the first or initial set must be attributed. 
Subsequent hardening is due to the slower liberation of lime from the 
silicates. If the lime is liberated more rapidly than is possible for it to 
crystallize out from the water, expansion ensues and the cement is 
not volume constant.” 

He further notes that of the two constituents of the clinker the celit 
is almost inert, being usually unattached by the water, while the alit 
furnishes most of t 1 m* lime needed for the setting effect. As the celit 
is a solution of dicalcic salts (2Cj1O.SiO2-l-2CaO.Al2O.*), while the alit is a 
solution of tricalcic compounds (SCaO.SiOa-KM ’aO.AlaO;*), the lower- 
limed cements are, therefore, the less hydraulic. This agrees with 
experience'. 

This theory differs from Le ChateliePs in that it considers setting 
as due only indirectly to the presence, of silicates and aluminates. 

“ The strength of the Portland cement after setting is due entirely to 
the crystallization of calcium hydrate under certain favorable conditions, 
and not at all to the hydration of the silicates or the aluminates, since 
in this act of hydration nothing can take place which would tend to 
bind these silicates and aluminates together.” 

The formation of lime silicates and aluminates during clinkering 
is on this theory only a convenient way of securing indirectly a very 
active lime hydrate, which is itself the real cementing material. 

Replacement of silica by other acids. — Various oxides of the silica 
group have boon substituted by Richardson in his series of synthetic 
cements. Titanic oxide (Ti( >2), stannic oxide (Sn())-2, and plumbic 
oxide (PbO) have been so used. “ The ground clinker in each case 
has boon found to set rapidly, although the resulting test pieces were 
not volume constant, the temperature obtainable in our furnace being 
evidently insufficient to bring about a thorough combination between 
these oxides and lime. Cements have been made in which phosphoric 
acid (P2O:*) has boon substituted for silica.” 

Replacement of alumina by iron oxide. — Some difference of opinion 
appears concerning the extent to which the alumina of a Portland 
cement may be replaced by iron oxide. 

This problem was taken up by the Newberrys in the classic researches 
before cited. They prepared mixtures of pure iron oxide and calcium 
carbonate in such proportions as to correspond to the formula 3 CaO.- 
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Fe 203 , which in percentages is equivalent to CaO 41.3 per cent, Fe 2(>3 
58.7 per cent. “ On burning, the material fused to a black slag, which 
yielded a brown color on grinding. Mixed with water to a paste, this 
powder showed no heating, and did not set or harden in air or cold water. 
A part placed in steam, however, after setting one day in air, hardened 
rapidly, and after several hours in boiling water showed no cracking 
and appeared very hard. From this experiment it appears that lime 
and iron oxide readily combine, yielding a product which is constant 
in volume, though it shows no hardening properties in the cold.” The 
Newberrys carry the experiments further, making a silica-, iron oxide, 
lime mixture entirely free from alumina. This was made to correspond 
to the formula 

• (3Ca0.Si0 2 ) + X (2Ca0.Fe 2 0 3 ), 

and contained about 7 per cent of iron oxide. On burning this gave 
a black, fusible clinker. When powdered this was dark-gray, and 
gave a slow-setting hard and sound cement. 

Their final conclusions were, that though “ iron oxide evidently 
combines with lime in the same manner as alumina,” the amount of 
iron oxide present in ordinary clays is so small that “ it is quite unneces- 
sary, in working with ordinary clays, to take the iron oxide into con- 
sideration in calculating the amount of lime required.” 

In view of the manufacture of cements containing appreciable per- 
centages of iron oxide, it seems advisable to take this constituent into 
consideration in proportioning mixes, and this has accordingly been 
done in the formula given earlier in this volume. 

Replacement of lime by magnesia. — The possibility of this replace- 
ment has been flatly denied by some of our leading authorities on cement 
chemistry, while it has been maintained, but less confidently, by others. 
To the present writer it seems certain that magnesia is absolutely 
interchangeable with lime, due regard being paid to their differences 
in atomic weight. It is only necessary to adduce the example of the 
high-burned natural cements, such as the Akron, to make it clear that 
a cement containing 15 to 20 per cent of magnesia can be made at almost 
clinkering temperature. Recent experiments by Newberry seem to con- 
firm this conclusion. It is to be noted, however, that a Portland cement 
carrying high percentages of magnesia will necessarily differ considera- 
bly from the present-day lime Portlands. It is even probable that 
the differences in physical and technical properties will be so great that 
it will be necessary to market such magnesia Portlands under some dis- 
tinct trade-name. 
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Replacement of lime by other bases— Magnesia is not the only 
base that can replace, either partly or entirely, the lime of a normal 
Portland-cement clinker. Other alkaline earths ean be so substituted, 
as was proven in the course of Richardson’s recent experiments. He 
describes* this phase of his work as follows: 

“ Clinkers Jiave been made in which baryta (BaO) and strontia 
(Sri) are the bases. They must be burned at a very much higher 
temperature than similar clinkers containing lime. In powder these 
(barium and strontium cements) possess strong hydraulic properties, 
and are volume constant in water for a few days, but owing to the 
greater solubility in water of barium and strontium hydrate than of 
lime hydrate, the material after setting is much more readily attacked 
by water than is lime cement, strontium hydrate being about twice 
as soluble as calcium hydrate, and barium hydrate about eight times as 
soluble.” 

High-alumina Portlands. — The normal commercial Portland cement, 
being made by use of clay, shale or slag as its argillaceous component, is 
necessarily limited in its iron-alumina-silica ratio by the ordinary com- 
position of its raw materials. The ratio of alumina to iron oxide, in 
particular, commonly falls between the limits 2 : 1 and 3 : 1, though it 
may range outside, in both directions. 

In the white Portlands, made by use of clays low in iron, the alumina 
content is appreciably higher. But in such cements as Spaekman’s 
alca cement, and Lafarge’s cirnent fondu, the alumina becomes the main 
cement component, combined of course with lime as a base. 

The ciment fondu , or fused cement , is made from a mix of limestone 
and bauxite and is actually fused in a blast-furnace or an electric furnace. 
Its rapid adoption in France is due to certain special properties; very 
rapid hardening, which permits withdrawal of centers or supports from 
concrete work in a day or two; resistance to sea-water and alkaline solu- 
tions; white color. For description of these reference is made to the 
papers by Candlot and Eckel cited on page 519. The alca series of 
cements worked out by Spackman has been described in many papers, 
noted on page 520. It is made from an aluminous slag, and there- 
fore carries less alumina and more silica than does the cimcnt fondu. 

High-iron Portlands. — Diverging from normal Portlands in a direc- 
tion opposite to that of the high-alumina products just discussed, 
we have the high-iron cements, that have been made commercially in 
Europe and experimented with in America. 

These high-iron Portlands or ferro-Portlands use, in place of clay 
•Engineering News, vol. 53, p. 85 Jan 26, 1905. 
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Fe 203 , which in percentages is equivalent to CaO 41.3 per cent, Fe 2(>3 
58.7 per cent. “ On burning, the material fused to a black slag, which 
yielded a brown color on grinding. Mixed with water to a paste, this 
powder showed no heating, and did not set or harden in air or cold water. 
A part placed in steam, however, after setting one day in air, hardened 
rapidly, and after several hours in boiling water showed no cracking 
and appeared very hard. From this experiment it appears that lime 
and iron oxide readily combine, yielding a product which is constant 
in volume, though it shows no hardening properties in the cold.” The 
Newberrys carry the experiments further, making a silica-, iron oxide, 
lime mixture entirely free from alumina. This was made to correspond 
to the formula 

• (3Ca0.Si0 2 ) + X (2Ca0.Fe 2 0 3 ), 

and contained about 7 per cent of iron oxide. On burning this gave 
a black, fusible clinker. When powdered this was dark-gray, and 
gave a slow-setting hard and sound cement. 

Their final conclusions were, that though “ iron oxide evidently 
combines with lime in the same manner as alumina,” the amount of 
iron oxide present in ordinary clays is so small that “ it is quite unneces- 
sary, in working with ordinary clays, to take the iron oxide into con- 
sideration in calculating the amount of lime required.” 

In view of the manufacture of cements containing appreciable per- 
centages of iron oxide, it seems advisable to take this constituent into 
consideration in proportioning mixes, and this has accordingly been 
done in the formula given earlier in this volume. 

Replacement of lime by magnesia. — The possibility of this replace- 
ment has been flatly denied by some of our leading authorities on cement 
chemistry, while it has been maintained, but less confidently, by others. 
To the present writer it seems certain that magnesia is absolutely 
interchangeable with lime, due regard being paid to their differences 
in atomic weight. It is only necessary to adduce the example of the 
high-burned natural cements, such as the Akron, to make it clear that 
a cement containing 15 to 20 per cent of magnesia can be made at almost 
clinkering temperature. Recent experiments by Newberry seem to con- 
firm this conclusion. It is to be noted, however, that a Portland cement 
carrying high percentages of magnesia will necessarily differ considera- 
bly from the present-day lime Portlands. It is even probable that 
the differences in physical and technical properties will be so great that 
it will be necessary to market such magnesia Portlands under some dis- 
tinct trade-name. 
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cements. The original papers by Vicat are cited; they are often 
overlooked by investigators educated in central Europe. 


Table 220. 
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22 

76 

22 
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Alumina 

3 

61 

3 

30 

f> 

50 
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92 

Iron oxide 

8 

07 

7 

38 

8 

50 

S 

36 

Lime 
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42 

62 

62 

56 

59 

56 

92 

Magnesia 

0 

82 

4 

12 

3 

39 

3 

33 

Sulphur trioxide 

1 

10 

0 

12 

0 

50 

0 

55 

Ignition loss 

| 1 

07 

1 

IS 

1 

00 

0 

40 

Cementation Index 

1 08 

0 03 

1 23 

1 

25 
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A. Spackman, H. S. Aluminates ... in cement manufacture. Proc. Amer. 

Soc. Testing Materials, vol. 10. 1910. 

C. Vicat, L. J. Rcclierches experimentales sur les chaux . . . Paris, 1818. 

C. Vicat, L. J. Traits pratique ct th^orique de la composition des mortiers, 
ciments. . . . 4to, pp. 103, Grenoble. 1856. 

Composition of Portland cements. — The chemical composition of 
Portland cements has been changing slowly in one direction since 1850. 
This is well brought out by the analyses of old Portland cements given in 
the following table, when compared with the analyses of modern Port- 
lands given in Table 222. 


Table 221. 


Analyses of Portland Cement, 1849-1873. 



1 

2 

3 

4 

Silica (Si() 2 ) 

18 00 

22 23 i 

23 72 

18 60 

Alumina (Al 2 O,0 

11 30 

7 75 

7 36 | 

4 75 

Iron oxide (Fe 2 Oj) 

17 90 

5 30 

5 05 

5 60 

Lime (CaO) 

49 80 

54 11 

54 40 

58 50 

Magnesia (MgO) 

0 70 

0 75 

0 86 

2 55 

Alkalies (K 2 0,Na 2 0) 

n d 

1 76 

2 62 

1 70 

Sulphur trioxide (SOj) 

n d 

1 00 

1 12 

2 10 

Carbon dioxide (C0 2 ) 

n d 

2 15 

2 80 

0 50 

Water 

n d 

l 00 

0 96 

0 50 


1. Manufactured about 1873 by I C Johnson & Co , England Reports Vienna Exposition, 

vol 4, pt 1), p 35 

2. Manufactured about 1849 in England Analyzed by Pettenkofer Proc Institution Civil 

Engineers, vol 02, p 77 

3. Manufactured about 1873 in England Analyzed by Feiehtingcr Reports Vienna Exposition, 

vol 4, pt D, p 37 

4 Manufactured about 1873 in Austria Analyzed by Wagner Reports Vienna Exposition, 
vol. 4, pt. D, p. 37. 


From inspection of the above table it will be seen that old Portlands 
were very low-limed products. Some, in fact, were too low in lime to 
be considered, at the present day, as falling in the Portland class. 

Composition of American Portland cements. — Table 222, contain- 
ing a large series of analyses of American Portland cement^, has been 
compiled by the writer from various sources. About half of the anal- 
yses contained in it have already been published in different books 
and periodicals, while for the remainder the writer is indebted to the 
chemists of the various plants. 
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Standard Methods of Analysis. 

The following methods of analysis are those suggested by a com- 
mittee of the New York section, Society of Chemical Industry, consist- 
ing of W. F. Hillebrand and Clifford Richardson. For exact work it 
is desirable that these methods be closely followed. ^They are not 
intended for use in making the rapid determinations which are necessary 
for the control of the mix when the plant is in operation. A method of 
rapid analysis has recently been published by several members of the 
Lehigh section, American Chemical Society, which is probably well 
adapted for use in the Lehigh cement district; but it is doubtful if it is 
worth while attempting to formulate standard methods for rapid analy- 
sis, since the requirements vary so much at the different plants. 

Method Suggested for the Analysis of Limestones, Raw Mixtures 
and Portland Cements.* 

Solution. — One-half gram of the finely powdered substance is to 
be weighed out and, if a limestone or unburned mixture, strongly ignited 
in a covered platinum crucible over a strong blast for fifteen minutes, 
or longer if the blast is not powerful enough to affect complete con- 
version to a cement in this time. It is then transferred to an evapora- 
ting dish, preferably of platinum for the sake of celerity in evapora- 
tion, moistened with enough water to prevent lumping, and 5 to 10 c.c. 
of strong HC1 added and digested, with the aid of gentle heat and agita- 
tion until solution is completed. Solution may be aided by light pres- 
sure with the flattened end of a glass rod.f The solution is then evapo- 
rated to dryness, as far as this may be possible on the steam-bath. 

Silica. — The residue, without further heating, is treated at first with 
5 to 10 c.c. of strong HC1, which is then diluted to half strength or less, 
or upon the residue may be poured at once a larger volume of acid of 
half strength. The dish is then covered and digestion allowed to go 
on for ten minutes on the bath, after which the solution is filtered and 
the separated silica washed thoroughly with water. The filtrate is 
again evaporated to dryness, the residue, without further heating, 
taken up with acid and water, and the small amount of silica it con- 
tains separated on another filter-paper. The papers containing the 

* Eng. News, 50, p. 60. Eng. Record, 48, p. 49. Cement, Sept., 1903. 

f If anything remains undecomposed it should be separated, fused with a little 
Na^COs, dissolved and added to the original solution. Of course, a small amount of 
the separated non-gelatinous silica is not to be mistaken for undecomposed matter. 
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residue are transferred wet to a weighed platinum crucible, dried, ignited, 
first over a Bunsen burner until the carbon of the filter is completely 
consumed, and finally over the blast for fifteen minutes and checked 
by a further blasting for ten minutes or to constant weight. The silica, 
if great accuracy is desired, is treated in the crucible with about 10 c.c. 
of HF1 and four drops of H 2 SO 4 and evaporated over a low flame to 
complete dryrfess. The small residue is finally blasted for a 
minute or two, cooled, and weighed. The difference between this 
weight and the weight previously obtained gives the amount of 
silica.* 

AI2O3 and Fe203: The filtrate, about 250 c.c. from the second 
evaporation for Si02, is made alkaline with NH4OH after adding HC1, 
if need be, to insure a total of 10 to 15 c.c. strong acid, and boiled to 
expel excess of NH3, or until there is but a faint odor of it, and the pre- 
cipitated iron and aluminum hydrates, after settling, are washed once 
by decantation and slightly on the filter. Setting aside the filtrate, 
the precipitate is dissolved in hot dilute HOI, the solution passing into 
the beaker in which the precipitation was made. The aluminum and 
iron arc then precipitated by NH4OH, boiled and the second precipi- 
tate collected and washed on the same filter used in the first instant. 
The filter-paper, with the precipitate, is then placed in a weighed plat- 
inum crucible, the paper burned off and the precipitate ignited and finally 
blasted 5 minutes, with care to prevent reduction, cooled and weighed 
as Al 2 03+Fe 2 0 3 .t 

Fe 2 03 : The combined iron and aluminum oxides are fused in a 
platinum crucible at a very low temperature with about 3 to 4 grams 
of KHSO4, or, better, NaHS(>4, the metal taken up with so much dilute 
H2SO4 that there shall be no less than 5 grams absolute acid and enough 
water to effect solution on heating. The solution is then evaporated 
and eventually heated till acid fumes come off copiously. After cooling 
and redissolving in water the small amount of silica is filtered out, 
weighed, and corrected by HF 1 and H 2 S04.t The filtrate is reduced 
by zinc, or preferably by hydrogen sulphide, boiling out the excess of 
the latter afterward while passing C0 2 through the flask, and tritrate 

* For ordinary control work in the plant laboratory this correction may, perhaps, 
be neglected; the double evaporation never. 

t This precipitate contains Ti0 2 , P 2 Oei, Mn 3 0 4 

t This correction of A1 2 0 3 , Fe 2 0 3 for silica should not be made when the HF1 
correction of the main silica has been omitted, unless that silica was obtained by 
only one evaporation and filtration. After two evaporations and filtrations 1 to 2 mg. 
of SiOs are still to be found with the Al 2 0 3 Fe 2 0 3 
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with permanganate.* The strength of the permanganate solution 
should not be greater than .0040 grain Fe20.3 per c.c. 

CaO: To the combined filtrate from the Al203-f-Fe203 precipitate 
a few drops of NH4OH are added, and the solution brought to boiling. 
To the boiling solution 20 c.c. of a saturated solution of ammonium 
oxalate is added, and the boiling continued until the precipitated CaC^Cb 
assumes a well-defined granular form. It is then allowed to stand for 
20 minutes, or until the precipitate has settled, and then filtered and 
washed. The precipitate and filter are placed wet in a platinum 
crucible, and the paper burned off over a small flame of a Bunsen burner. 
It is then ignited, redissolved in 11(4, and the solution made up to 100 
c.c. with water. Ammonia is added in slight excess, and the liquid 
is boiled. If a small amount of AI2O3 separates, this is filtered out, 
weight'd, and the amount added to that found in the first determina- 
tion, when greater accuracy is desired. The lime is then reprecipitatcd 
by ammonium oxalate, allowed to stand until settled, filtered, and 
washed, f weighed as oxide by ignition and blasting in a covered cru- 
cible to constant weight, or determined with dilute standard per- 
manganate. J 

MgO: The combined filtrates from the calcium precipitates are 
acidified with IK 4, and concentrated on the steam-bath to about 150 
c.c., 10 c.c. of saturated solution of Na(NH4)HP04 are added, and 
the solution boiled for several minutes. It is then removed from the 
flame and cooled by placing the beaker in ice-water. After cooling, 
NH4OH is added drop by drop with constant stirring until the crystal- 
line ammonium magnesium orthophosphate begins to form, and then 
in moderate excess, the stirring being continued for several minutes. 
It is then set aside for several hours in a cool atmosphere and filtered. 
The precipitate is redissolved in hot dilute 11(4, the solution made up 
to about 100 c.c., 1 c.c. of a saturated solution of Na(NH4)HP04 added, 
and ammonia drop by drop, with constant stirring until the precipitate 
is again formed as described and the ammonia is in moderate excess. 
It is then allowed to stand for about 2 hours when it is filtered on a 
paper or a Gooch crucible, ignited, cooled, and weighed as Mg2P207. 

K2O and Na20: For the determination of the alkalies, the well- 
known method of Prof. J. Lawrence Smith is to be followed, either 
with or without the addition of OaCOs with NHCL. 

* In this way only is the influence of titanium to be avoided and a correct result 
obtained for iron 

f The volume of wash-water should not be too large, ride Ilillebrand. 

t The accuracy of this method admits of criticism, but its convenience and 
rapidity demand its insertion. 
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SO 3 : One gram of the substance is dissolved in 15 c.c. of HC1, 
filtered and residue washed thoroughly.* 

The solution is made up to 250 c.c. in a beaker and boiled. To the 
boiling solution 10 c.c. of a saturated solution of BaCL> is added slowly, 
drop by drop, from a pipette and the boiling continued until the pre- 
cipitate is well formed, or digestion on the steam-bath may be sub- 
stituted for the boiling. It is then set aside overnight, or for a few 
hours, filtered, ignited, and weighed as BaS(> 4 . 

Total sulphur. — One gram of the material is weighed out in a large 
platinum crucible and fused with Na 2 COa and a little KNO.j, being care- 
ful to avoid contamination from sulphur in the gases from source of 
heat. This may be done by fitting the crucible in a hole in an asbestos 
board. The melt is treated in the crucible with boiling water and the 
liquid poured into a tall, narrow beaker, and more hot water added 
until the mass is disintegrated. The solution is then filtered. The 
filtrate contained in a No. 4 beaker is to lx* acidulated with HOI and 
made up to 250 c.c. with distilled water, boiled, the sulphur precipitated 
as BaSO.t and allowed to stand overnight or for a few hours. 

Loss on ignition. — Half a gram of cement is to be weighed out in 
a platinum, crucible, placed in a hole in an asbestos board so that about 
three-fifths of the crucible projects below, and blasted 15 minutes, prefer- 
ably with an inclined flame. The loss by weight, which is checked by 
a second blasting of 5 minutes, is the loss on ignition. 

Note . — Recent investigations have shown that large errors in results 
are often due to the use of impure distilled water and reagents. The 
analyst should, therefore, test his distilled water by evaporation and 
his reagents by appropriate tests before proceeding with his work. 


* Evaporation to dryness is unnecessary, unless gelatinous silica should have 
separated and should never he performed on a bath heated by gas, rule Hillebrand 



CHAPTER XXXVII. 


PHYSICAL PROPERTIES: TESTING METHODS. 

The utilization of Portland cement does not properly come within 
the province of this volume, as it is already covered by several excellent 
books. An extensive and readily accessible literature has been created 
on the subject of testing methods and testing results; but most of this 
literature is more important to the professional cement-tester than to 
the ccinent-manufacturcr or cement-user. In the present chapter the 
subject of testing will necessarily be considered, but merely incidentally. 
Stress will be laid, on the other hand, on the general properties which 
Portland cement develops in use, and attention will be directed to the 
chemical and physical agencies which operate to disintegrate, or weaken, 
or destroy the cement, or the structures in which it is used. 


Physical Properties of Portland Cement. 

Portland cement is at present used for many different purposes, 
and the use to which it is applied seems to be rapidly increasing. Under 
such circumstances it is necessary to supply a product well-fitted to 
withstand the various disintegrating agencies to which it may be sub- 
jected. 

In its ordinary uses, in heavy masonry for example, the cement 
will be subjected to compressive stresses, but rarely to tensile. When 
used as a paving material it will encounter transverse stresses and 
severe abrasion. As a lining material its imperviousness will be tested. 
In other places, as in gun emplacements for example, it may be sub- 
jected to severe and often-repeated shocks. 

To these physical agencies of disintegration or destruction, are added 
chemical agents, which arc at times of paramount, importance. Works 
exposed to sea-water, for example, are subject to purely chemical attack 
which must be guarded against so far as possible. 

The situation might be summed up by stating that cement may 
fail through defects in its manufacture (internal agencies), or through 

528 



PHYSICAL PROPERTIES: TESTING METHODS. 


529 


the purely external agencies, and that those agencies may be either 
physical or chemical. 

This brief outline will serve to give some idea of the wide scope 
which might be given to a discussion of the properties of Portland 
cement. 

Value of fineness tests. — The reason for testing the fineness of a 
cement depends on the facts that (a) the strength of the cement, and 
particularly its tensile strength when mixed with sand, increases with 
the fineness, and (6) the soundness of the cement may be improved 
by fine grinding. The second point is one that concerns the manu- 


A1I Passed No. 100 Sieve 



Fig 133 * — Variation of tensile strength with fineness 


facturcr more than the user, because an unsound cement will usually 
fail to pass other tests and will therefore be rejected. 

The increase in strength consequent on increased fineness is well 
shown in Figs. 143 and 144, both showing the results of tests on 1 : 3 
mixtures, the tests of Fig. 143 having been made at four months while 
those in Fig. 144 are at various ages. 

The value of fine grinding is evident, and engineers are constantly 
raising the standard of fineness in specifications. Unfortunately, how- 
ever, they fail to make proper use of this fine cement after they have 
paid extra for getting it. They insist, for example, in obtaining cement 
which will pass 92 or 95 per cent through a 100-mesh sieve, and then 
use it in the same sand mixtures that they would if it were an English 
cement passing perhaps 85 per cent through 100-mesh. 


From Johnson’s “Materials of Construction,” p 409 
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The actual fineness of a number of typical American Portlands is 
shown very exactly in the tests given in Table 223. 

Table 223. 


Fineness of Various American Portlands. (Bleininger.) 


Brand 

Reduced on 

Residue 

on 

80-mesh 

Sieve 

Residue 

on 

120- 

mesh 

Sieve 

Residue 

on 

200- 

mesh 

Sieve 

Diam- 

eter 

between 
0 008 
and 

0 002 
Inch 

Diam- 

eter 

between 
0 002 
and 

0 0002 
Inch 

Diam- 
eter 
between 
0 0003 
and 

0 0007 
Inch 

Finer 
than 
Last 
Size , 

Total 

Coarser 

than 

200- 

mesh. 

1 

Tube mill 

7 07 

11 50 

4 45 

22 08 

19 29 

7 30 

24 69 

25 98 

2 

“ “ 

9 01 

15 35 

5 09 

21 50 

20 53 

7 00 

21 52 

29 45 

3 

“ “ 

12 12 

15 05 

7 01 

21 11 

10 85 

5 91 

21 37 

34 78 

4 

“ “ 

14 11 

11 57 

1 7 82 

22 13 

13 95 

7 81 

19 32 

30 49 

5 

u a 

3 81 

17 04 

5 10 

25 27 

12 50 

10 10 

20 42 

20 58 

G 

C riff in mill 

3 00 

15 41 

8 24 

28 50 

10 48 

12 74 

15 51 

26 72 

7 

‘ ‘ “ 

0 43 

10 91 

0 37 

25 52 

12 18 

9 20 

18 49 

! 32 71 

8 

k a 

5 00 

15 12 

14 52 

27 30 

19 10 

9 22 

14 881 

1 29 53 

9 

‘ ‘ “ 

4 40 

11 35 

5 13 

23 79 

21 30 

10 01 

24 01 

j 20 89 

10 

i 

4 18 

13 30 

5 07 

22 03 

14 04 

12 31 

28 79 1 

I ! 

22 55 


Specific gravity. — The specific gravity of a Portland cement is a 
property which is of no importance of itself to the engineer. The 



Fig. 134.* — Effect on strength of regrinding cement (Tetmajer.) 

reason for determining it is in order to rule out underburned or adul- 
terated cement. The specific gravity of a well-dried sample of Port- 
* From Johnson’s “Materials of Construction,” p. 411. 
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land cement will rarely fall below 3.10; while that of a natural cement, 
a slag cement, or a Portland adulterated with slag will rarely rise above 
3.00. Some few American natural cements do, however, show a higher 
specific gravity, as can be seen from the table on page 254. 

Setting properties. — A certain minimum time of initial and final set 
is usually specified, for the convenience of the workmen. This is regu- 
lated by the use of gypsum 
or plaster at the plant, a prac- 
tice whose effects have boon 
discussed in detail in Chapter 
XXXVI. 

The effect of temperature 
on the setting of Portland 
cement is well shown in Fig. 

135. It will be noted that the 
sotting is much slower at low 
than at high temperatures, 
within the limits of the experi- 
ments. 

Tensile strength— The 

tensile strength of a cement 
is of very little importance 
or interest of itself, because 
cements are rarely subjected 
intentionally to tensile strains. 

But in practice the tensile 
test is the most commonly 
applied of all tests, this action 
being based on the assumption 
that the ratio between com- 
pressive and tensile strength 
for all Portland cements is 
quite uniform, and that there- 
fore variations in tensile 
strength will indicate corre- 
sponding (tlft)ugh much greater) variations in compressive strength. 
This assumption is to a large extent correct, and for all practical 
purposes may be considered satisfactory. The question as to the 
ratio existing between the two types of strength will be taken up on 
a later page (p. 533). 

* From Johnson’s “Materials of Construction,” p. 616. 
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In Fig. 130 the results of a large series of tests on various claases of 
cement are shown diagrammatically. The cements tested included 
American and foreign Portlands, foreign “ natural Portlands ” and 
American natural cements,' and the comparative results are quite’ repre- 
sentativc. 

1 ho three points of most general interest in connection with tests of 
tensile strength are (a) the decrease in tensile strength with increase 
of percentage of sand, (6) the increase in strength with increased 
age, and (c) the variation in strength due to differences in the character 



of the sand. Two of these points are illustrated in Figs. 137 and 138, 
while all three are constantly discussed in engineering publications. 

Compressive strength— The compressive strength of a cement or 
concrete is a matter of direct practical importance, for these materials 
are rarely subjected to any other type of strain when used in actual 
work. Compressive tests, however, require the use of heavy testing 
machines, and are therefore not adapted for field or ordinary office tests. 
(See Tables 224 and 225.) 

Ratio of compressive to tensile strength —For a given age and 
mixture, the ratio between the compressive and tensile strength of a 
Portland-cement mortar is practically fixed. The ratio increases with 
increasing age, and also increases with increasing proportions of sand. 

* From Johnson’s ‘'Materials of Construction,” p. 571. 
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In Fig. 139 arc plotted the curves, by Johnson, resulting from compari- 
son of a large series of tests by Tetinajer on 1 : 3 mixtures. 


Table 224. 


COMPRESSIVE STRENGTH OF PORTLAND-OEMENT CUBES. WATERTOWN ARSENAL. 




Compressive Strength 


Per Cent 
Water 

Pounds per Square Inch. 



7 Days 

1 Month 

3 Months. 

Alpha 

25 

0010 

7340 

8580 

Atlas 

25 

3490 

5370 

5870 

Lehigh 

20 8 

4280 

5590 

0310 

18 

5780 

5990 

0980 

Star, with plaster 

22 5 

5900 

7080 

8170 

1 25 

0320 

0750 

8180 

“ “ “ 

80 

0340 

0850 

7720 

‘ ‘ without plaster 

22 5 

4020 

5180 

5930 

25 

5500 

5980 

7730 

< . u a 

80 

5030 

5020 

6810 

Whitehall 

25 

5030 

0040 

7030 

Alsen 

20 2 

3510 

4940 

5510 

Josson 

20 7 

i 

2750 

4030 

4000 


Report oil Tests of Metals, etc , at Watoitown Arsenal, 1902, pp 309-370 


Table 225. 

Compressive Strength of Portland-cement Mortar and Concrete Cubes, 

W ATKRTOWN A RSENAL 


1 

Brand 

Composition 

Age 

Size of 
Cube, 
Indies 

Compres- 

sive 

Stiength 
per Square 
Inch 

Cement 

Sand 

Stone 

Yearn 

Months 

Days 

Atlas 

1 

1 


2 

5 

20 

0 

11,330 

< < * 

1 

11 


2 

5 

19 

0 

10,390 

‘ t * 

l 

2 


2 

5 

10 

0 

9,520 

1 1 * 

1 

2\ 


2 

5 

17 

6 

8,110 

< ( * 

1 

3 


2 

5 

15 

6 

6,140 

( l * 

1 

35 


2 

5 

13 

6 

6,280 

‘ i * 

1 

4 


2 

5 

12 

6 

5,230 

t i * 

1 

2 

4 



7 

12 

1,303 

• ( * 

1 

3 

6 



7 

12 

1,053 

Alpha * 

1 

2 

4 

3 

0 

12 

12 

2,615 

Vulcanite f 

1 

2 

4 


1 

22 

12 

3,392 

41 f 

1 

2 

4 


2 

25 

12 

4,135 

Grant f 

1 

3 

5 


3 

2 

12 

3,758 


* Report on Tests of Metals, etc , at Watertown Arsenal, 1902, pp. 512-514. 
t Ibid , 1900, pp. 1105-1111. 
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Iicj 138.* Effect of character of sand on tensile strength 



Fig. 139 f— Ratio of compressive to tensile strength (Johnson ) 


* From Johnson’s “ Materials of Construction/’ p 581 
f From Johnson’s “Materials of Construction,” p 419. 
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In practical use, it may be assumed that at the end of a year the 
average Portland-ceinent mortar will have a compressive strength 
about ten times as great as its tensile strength. 

In Table 226 are given the results of a series of tests carried out 
at the Watertown Arsenal.* The tensile tests were made on the usual 
briquettes, the compressive tests on 2-inch cubes, and each average 
given is the result of ten tests. The cement used was the Peninsular 
brand, giving the following results for fineness and specific gravity: 


Per cent of fineness 

Retained on 98 X 100 sieve . 4 95 

Passed by 98X 100 sieve; retained on 174X 182 bolting-cloth 19 75 

Passed by 174X 182 boltmg-cloth 75 30 

Specific gravity: 

As taken from barrel ... . . 3 20 

After mixing with 22 per cent water, setting 7 days in air, 

regrinding, and heating to a constant weight at 110° C 2 81 


A chemical analysis of the cement is also given, but is evidently 
erroneous and therefore will not be quoted here. 


Table 226. 


Relation or Tensile to Compressive Strength (Watertown Arsenal ) 


Per Cent 
of 

Water 

Arcs in 

Tensile Strength, Pounds 
per Square Inch 

Compressive Strength, Pounds 
per Square Inch 

Air, 

Days 

Water, 

Days 

Maximum 

Minimum 

A verage 

Maximum 

Minimum 

Average 

20 

1 


221 

177 

190 

801 

054 

717 

20 

7 


393 

301 

354 

3430 

2700 

3040 

20 

28 


041 

487 

500 

4370 

4910 

3990 

20 

1 

6 

835 

053 

780 

4830 

3770 

4250 

20 

1 

27 

952 

857 

9(H) 

8280 

5730 

7370 

22 

1 


209 i 

150 

189 

070 

530 

595 

22 

7 


482 

303 

392 

3080 

3010 

3200 

22 

28 


518 

421 

457 

4310 

3030 

3700 

22 

1 

0 

724 

502 

000 

5370 

3020 

4720 

22 

1 

27 

1010 

782 

800 

7810 

5300 

0870 

25 

1 


223 

148 

190 

450 

398 

430 

25 

7 


475 

301 

402 

3210 

2120 

2010 

25 

28 


1 552 

393 

450 

3550 

2030 

3130 

25 

1 

6 

388 

251 

329 

4440 

3300 

3880 

25 

1 

27 

807 

090 

758 

8740 

0310 

7580 


1903. 


Report on Tests of Metals, etc, at Watertown Arsenal during 1902, p 511. 
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Modulus of elasticity.— The determinations of the modulus of elas- 
ticity given m the following table were made at the Watertown Arsenal: 


Table 227. 


Composition 


Alpha 


Atlas 


Lehigh 


Peninsular 


Neat 


1 cement : 1 sand 
Neat 


1 cement • 1 sand 


Weight 
per Cubit 
Foot, 
Pounds 

‘I Age 
Mrs I)y H 

Intimate, 

,St rength, 
Pounds 
per 
pin re 

I noli 

J 

E Pounds per 

Squaie Inch 

135 5 

1 

8530 

f /> (500-2000) =3,000,000 
\m00 -3000) =3,030,000 
f #(500-2000) =3,488,000 

135 5 

137 3 

7 

1 

#(2000-4000) = 3,279,000 
[ #( 1000-(HH)0) = 2,903,000 
/s, T (500—2000) =3,001,000 
f AY 500-2000) =4,545,000 

137 3 

134 7 

5 

•> j 
“ z 

9200 

(#2000-4000) = 4,255,000 
l W000- 0000) =3,840,000 
#(500-2000) =2,320,000 

131 7 

OS 

5 150 

/ #(500-2000) =2,479,000 
l #(2000-4000) =2,581,000 

129 2 

1 20 

5800 

/ #(500-2000) =2,500,000 
l #(2<X)0-4000) =2,353,000 

1 33 

1 20 

3420 

#(500-2000) =2,778,000 

135 9 

l 20 

7540 

(#(500-2000) =4,348,000 

1 #(2000-3000) =4,444,000 
f #(500-2000) =3,571,000 

135 3 

138 0 

2 13 

0710 

#(2000-3000) =3,448,000 
#(3000-4000) =3,125,000 
[ #(500-2000) =3,846,000 

2 1 1 

0720 

#(2000-3000) = 3, 571, (XX) 
#(3000-4000) =3,509,000 

133 4 

2 13 

4200 

/ #(500-2000) =2,941,000 

1 #(2000-3000) =2,439,000 


Sand cement. Sand cement, or silica cement, is the name given to 
the product made by grinding up together Portland cement with an 
equal or greater quantity of sand, limestone, or other chemically inert 
substance. Description of the making and properties of sand cement 
is not properly part of a discussion of the manufacture of Portland 
cement, but rather a matter for the engineer to consider in connection 
with the uses of cement. For this reason the question will be touched 
on very briefly. 

It is found that if Portland cement be mixed with an equal quantity 
of sand or limestone and the mixture ground very finely in a tube 
mill, the resulting product (sand cement) will show a strength almost 
or quite as great as the Portland cement from which it was made, not- 
withstanding the fact that the sand cement consists only half of Port- 
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land cement. When Portland cement is very expensive, economies 
are, therefore, possible in this line. 

The gain in strength is due entirely to the extra fineness given by 
the extra grinding. The sand does not enter into chemical combina- 



Fig. 140 * — Strength of sand-cement mortar The first figure on each curve 
denotes parts of Portland cement; the second, parts of ground sand; the third, 
parts of unground sand. 

tion with the cement in any way, for ground limestone will give as good 
results as ground quartz. 

The tests quoted in Table 228 were made at Albany in the labora- 
tory of the State Engineer. Iron Clad is a Portland cement of high 

* From Johnson’s “Materials of Construction,” p 579. 
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grade, while Victor was the sand cement made from it by grinding Iron 
Clad with limestone. 


Table 228. 


Comparative Tests of Portland Cement and Sand Cement 


Cement 

Fineness 

SottiiiK-tuno, 

Minutes 

Tensile Strength, 
Founds 

nO-mesh 

100-mesh 

, 

Initial 

Final 

7 Days 

28 Days 

1897 

Iron Clad, 1 

: 3 

100 

94’ 

51 

122 

170 

274 


Victor, 1 

3 

100 

90 

35 

79 

198 

205 

1898 

Iron Clad. 1 

• 3 

I 99 1 

941 

27 

81 

189 

277 


Victor, 1 

: 3 

100 

90 

41 

89 

184 

272 

1899 

Iron Clad, 1 

• 3 

100 

98 

45 

91 

207 

311 


Victor 1 

3 

100 

100 

00 

158 

178 

204 


Table 229. 


Tensile and Compressive Strength of Sand Cements. (Smith ) 


Name of brand 

Citadel 

Ensign 

Jubilee 

Sand cement composed of 

1 cement 

1 cement 

1 cement 


1 sand 

1 sand 

0 sand 

Fineness: Passing 100-mesh 

99 8 

99 4 

99 7 

“ 120- “ 


99 3 

98 4 

“ 180- “ 

99 3 



Neat sand cement: Tension, 1 week . . 

332 



4 4 4 weeks . . 

175 



4 4 4 months . . . 

i 

810 

340 

4 4 0 4 4 


780 

540 

Compression, 4 weeks 

3837 



Sand cement 1, sand 1: Tension 1 week 



300 

4 4 2 weeks 



379 

Compression, 1 week 



2800 

Sand cement 1, sand 2: Tension 1 week 



184 

4 4 2 weeks 



215 

Compression, 1 week 



1225 

Sand cement 1, sand 3: Tension, 1 week 

135 

189 


4 4 2 weeks .... 


201 


“ 4 44 ... . 

141 



‘ 4 2 months 

135 



Compression, 1 week 

470 

900 


4 1 4 weeks 

087 




Brickbuilder, vcl. 6, p. 281. 




PERCENTAGE= — E - T - 

TOTAL feANp AND CEMENT 


Fig 141 * — Strength of sand-cement mortar with varying proportions of sand. 



Fig. 142. f — Variation in strength of sand-cement mortar when the total proportion 
of sand is constant, but the relative proportions of ground and unground sand 
are variable 

* From Johnson’s “ Materials of Construction,” p 580. 

KA(\ 


f Ibid., p. 581. 
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Tablk 230. 


Compressive Strength of Silica-cement Cubes (Watertown Arsenal ) 


Per Cent 
Water 

Age 

Dimensions of Cube 

Compressive Strength 

Height, 

Inches 

Surface, 

Inches 

Com- 

pressed 

Area, 

Square 

Inches 

Total 

Pounds. 

Per 

Square 

Inch, 

Pounds 

A \ erage 
Pounds 
per 

Square 

Inch 

281 

7 days 

4 05 

4 00X4 06 

16 24 

19,950 

1228 


28) 

‘ ‘ 

4 00 

1 09X4 08 

16 08 

22,600 

1355 


281 

4 ‘ 

4 ()3 

3 98 X 1 13 

16 14 

20,900 

1271 

\ 1300 

28* 

4 ‘ 

3 90 

\ 03X4 07 

16 -10 

19,980 

1218 


28 1 

‘ 4 

3 96 

4 06X 1 10 

16 61 

23,500 

1412 

I 

28 ) 

l month 

3 96 

1 15X4 04 

16 77 

27,100 

1616 

| 

281 

‘ ‘ 

3 97 

1 02X4 18 

16 80 

30,600 

1821 


281 

4 1 

3 96 

1 01X4 07 

16 44 

33,500 

2038 

1790 

281 

‘ ‘ 

3 98 

1 04X4 00 

16 40 

27 900 

1701 


281 

‘ ‘ 

1 00 

4 13X4 00 

16 69 

29,500 

1768 

I 

28.) 

3 months 

3 97 

1 01X 1 10 

16 44 

32,800 

1995 

| 

281 

‘ 4 

3 99 

-1 05X4 05 

16 40 

34,100 

2079 


281 

4 4 

3 96 

1 08X4 09 

16 69 

31,500 

2067 

2110 

281 

‘ 4 

3 98 

4 01X4 18 

16 76 

29 200 

2339 


281 

‘ 4 

3 96 

1 05X1 10 

16 61 

34,500 

2077 

j 

28) 

12 months 

3 96 1 

4 03X4 19 

16 89 

33,000 

1990 j 

l 9 lOM 

281 

44 

3 98 

4 07X 1 10 

16 69 

39,900 

2390 

/ t* 1 uVJ 

18 

8 (lays 

1 00 

3 92X4 13 

16 19 

47,100 

2910 


18 


1 00 ' 

3 99X4 00 

15 96 

53, 100 

3330 


18 

‘ 4 

1 08 ! 

1 00X3 95 

15 80 

53,400 

3380 

3050 

18 

4 4 

4 02 | 

1 00X3 86 

j 15 67 

43,600 

2780 


18 

4 4 

3 99 ; 

3 98X4 08 

1 16 21 

46,500 

2860 

I 

18 

l month 

4 00 ! 

1 03X3 98 

16 01 

51.900 

3120 

| 

18 


4 00 

1 02X4 08 

16 10 

0)0,600 

3700 


18 


4 08 1 

•1 01X1 00 

16 01 

65,800 

4100 

3470 

18 


4 05 i 

4 01X3 08 

15 96 

39.500 

2480 


18 

‘ 4 

4 07 

4 00X 4 06 

16 24 

59, 100 

3660 

j 

18 

3 month> 

4 08 

3 98X4 05 

16 12 

76,100 

4720 

| 

18 

4 4 

4 00 

4 09X4 03 

16 48 

70,500 

1280 


18 

4 4 

4 08 

4 00X 4 02 

16 08 

73,600 

4580 


18 


3 98 

1 05X4 06 

16 44 

70,600 

4290 

J 


Report of Tests of Metals, etc , at Watertown Arsenal for 1902, pp J70-377 1003 


List of references on sand cement.—' The following papers arc of 
interest in this connection: 


Butler, M. J. Silica Portland cement. Canadian Engineer, March, 1899. 
Klein, 0. H. Report on concrete foundations for pavements. 8vo, 58 pp. 

New York, 1903. (Much criticism of sand cements.) 

Reeves, H. E. The effect of grinding mixed sand and cement. Technograph, 
May, 1896. 

Smith, C. B. Sand cement. Brickbuilder, vol. 6, p. 280. 1897. (Tests of 
three Canadian brands. Important paper.) 
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Table 231. 


Compressive Strength of Sand-cement Mortars (Watertown Arsenal ) 


Brand 

Composition 

Age 

Average Strength, 
Pounds per Square Inch 

Months 

Days 

In Air 

In Water 

Silica 

Neat 


7 

1670 

1880 



1 


2070 

2830 

i i 


3 


2420 

3110 

i C 

1 cement, 1 sand 


6 

942 

1090 

i ( 


1 


1460 

1920 

i i 


3 


1610 

2340 

i ( 

1 cement, 2 sand 


5 

386 

424 



l 


424 

708 

i { 

“ “ 

3 


850 

1120 


1 cement, 3 sand 


4 

130 | 

132 

i ( 

“ “ 

1 


219 

360 


it it 

3 


306 

571 


Report of Teats of Metals, etc , at Wateitown Aiscnal, 1902, p 41.1 


Table 232. 

Modulus of Elasticity of Sand Cement (Watertown Arsenal ) 




W eight 




Brand 

Mortar 

per 

Cu Ft 
Pounds 

Tune 
Mos Dys 

1 'Itirmito 
Strength 

p Pounds per 

Square Inch 

Silica 

Neat 

117 8 

1 28 

2520 

/ 7^100-1000) =1,607,000 

1 #(1000-2000) = 1,205,000 

( < 


116 3 

1 28 1 

2400 

/ E( 100- 1000) =1,475,000 
\ K{ 1000-2000) = 1,1 17,000 

‘ ‘ 

1 cement, 1 sand 

126 9 

1 29 

1200 

#(100-1000) =1,286,000 

( ( 

1 cement, 2 sand 

122 4 

1 28 

618 | 

E{ 100-500) = 909,000 


1 cement, 3 sand 

120 8 

1 27 

401 

#(100-400) = 632,000 


Report of Tests of Metals, etc , at Wateitown Arsenal, 1902, pp. 498-500. 


References on sand cement — {Continued). 

Anon. The manufacture and use of sand cement. Engineering News, April 16, 
1896. 

Anon. Le Silico-Portland on silieo-cement,. La Revue Technologique, 
Jan. 25, 1898. 

Anon. The hydraulic experiment station of Cornell University. Engineering 
News, vol. 41, pp. 130-133. March 2, 1899. (Description of use of 
sand cement.) 

Effect of heating. — The effect of high temperatures on cements or 
concretes is, in these days of fireproof construction, a matter of con- 
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siderable interest to architects and engineers. In 1902 a series of tests 
along this line were carried out at Watertown Arsenal, some of which 
are summarized in Table 219, below. 

These tests were made on 2-inch cubes of neat Portland cement, all 
being crushed at a period of 1 year, 1 month, and 16 days after making. 

“ The cubps for this series were prepared and set in air or in water 
for a period of one year to a year and a half before they were heated, 
and intervals ranging from four days to nearly four months intervened 
between the time of heating and the time of testing. 

“ The heated cubes were gradually raised to the temperatures 
recorded, and slowly cooled in dry sawdust or powdered asbestos. The 
time of heating was one hour, and the maximum temperature was main- 
tained for one hour. 

“ Cubes which were set in water were dried off on a radiator for 
twenty-four hours before heating in the muffle to the temperatures 
recorded. 

“ During heating some of the cubes developed fine cracks, at first 
faintly shown, which enlarged after a few hours or days had elapsed. 
In other cases the cracks appeared more promptly. Among those which 
were heated to the higher temperatures of the series, which ranged 
from 200° to 1000° F., there were cubes so badly cracked as to be 
unsuitable for testing.” 

Table 233. 

Effect of Heating on Compressive Strength (Watertown Arsenal.) 


Biand 

IVi Cent 
Water 

Heated to 

Compressive 
Strength, 
Pounds per 
Square Inch 

Alpha 

25 

not heated 

9107 

‘ ‘ 

25 

200° F 

8830 

‘ 1 

25 

300° F 

7920 

“ 

25 

400° F 

9190 

11 

25 

500° F 

94 00 

1 1 

25 

000° F. 

9000 

“ 

25 

700° F 

8217 

11 

25 

800° F 

8730 

“ 

25 

900° F 

0000 

# Dyckerhoff . 

29 

not heated 

5017 

29 

000° F 

4347 


29 

700° F 

3483 

i ( 

29 

800° F 

4280 


Report of Tests of Metals, etc , at Watertown Arsenal, 1902, pp. 459-400. 


Effects of salt and freezing. — The use of cement or concrete in build- 
ings constructed during very cold weather has led to a long series of 
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experiments, designed to determine the effects of using salt and other 
anti-freezing agents in the water used in mixing the mortar. 



X PERCENT SOLUTION 


Fkj 143 * Effect on the freezing-point of cement of various proportions of 
glycerine, alcohol and salt (Tetmajer ) 

1 he results of a number of such tests are shown diagrammatically 
in Figs. 143 to 148, inclusive. The results as to strength are rather con- 



PERCENTAGE OF SALT 


Fig 144. f— Effect of salt on mortar, 1 cement :2 sand, made in freezing weather 

(Sabin.) 

tradictory, but it seems probable that any addition of salt will decrease 
the ultimate tensile and compressive strength of the mortar in which 
* From Johnson’s ‘ ‘Materials of Construction,” p. 615. f Ibid., p. 617, 
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it is used, but that for the lower percentages of salt this injurious effect 
may be slight enough to be safely disregarded. 



Fie 147 * — Effect of salt on tensile strength of Portland-cement mortar 
(Tot major ) 



Fig. 148 f — Effect, of salt on compressive strength of Portland-cemeht mortar. 
(Tetmajer ) 

Effects of exposure to sea-water. — -Portland cement is not entirely 
satisfactory in its resistance to exposure to salt water, though in part 


From Johnson’s “Materials of Construction.” p 620 


f Ibid. 
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this is often clue to the use of porous mixtures which permit access of the 
water to the interior of the block of cement or concrete. The use of 
richer mixtures, or at least of a richer mixture for the surface of the 
block, will do away with many of the difficulties encountered. Aside 
from this, two methods of improvements have been advocated. One 
is to make the cement more resistant of itself by making it of such 
a chemical composition as will show the maximum resistance to the 
effects of salt water. This is the method of Le Chatelier, discussed 
below. The second method is, to add to the cement, trass, slag, or 
other puzzolanic material, in order that the lime liberated by the cement 
during hardening may be taken up and combined with the trass. 

Le Chatelier considers that the aluminous compounds present in 
Portland cement are the direct cause of its destruction by sea-water. 
His theory, to account for this disintegration, is as follows: Free lime, 
liberated during the hardening of the cement, reacts with the mag- 
nesium sulphate always present in sea-water, to form calcium sulphate. 
This in turn reacts with the calcium aluminate of the cement to form 
a sulphaluminate of lime, which swells considerably on hydration and 
thus disintegrates the cement mass. The extent of the disintegration 
varies directly with the percentage of alumina present in the cement. 
Cements containing 1 or 2 per cent of alumina are, for example, practi- 
cally unaffected by sea-water; while in cement containing as high as 7 
or 8 per cent of alumina the swelling and consequent disintegration 
art 4 very rapid. 

If the alumina of a cement be replaced by an oxide not reacting 
with calcium sulphate, the stability of the cement in sea-water is 
greatly improved. Le Chatelier has demonstrated this by preparing 
cements in which the alumina was replaced by oxides of iron, chro- 
mium, cobalt, etc. All of these were more resistant than an alumina 
cement to the disintegrating effect of lime sulphate. The best effects 
were obtained when iron oxide was used, a cement corresponding in 
composition to 5Si()2,Fe20 ;{ ,17Ca0 being found to be not only stable in 
presence of sea-water, but to possess excellent mechanical properties. 

DevaPs researches * on the effect of direct addition of calcium sul- 
phate to various cements confirm the above theory. Each of the finely 
ground cements tested was completely hydrated by mixing with 50 per 
cent of water, and storing the mixture under water for three months out 
of contact with carbon dioxide. The mass was then dried, reground, 
mixed with half its weight of calcium sulphate and 33 per cent of water, 
and made up into rods, which were kept moist and protected from carbon 
* Abstract in Journ Soc, Chem Industry, vol 21, pp 971-972. 
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dioxide by storage on moistened filter paper under a glass bell. At 
the end of three weeks the increase in length of the rods was measured, 
with the following results: 


Table 234. 

Effect of Alumina 


Type of Cement 

Pei Cent of 
Alumina in the 
Cement 

Pei Cent of 
Elongation 
of the RucIh 

Slag cement (Vitry) 

ir> 5 

27 

►Slag cement (Champjgnolles) 

14 5 

16 

Grappier cement. (Besses) 

7 5 

14 

Portland cement 

6 2 

12 

Hydraulic lime (Besses) 

4 7 

4 


It will be noted that the percentage of elongation of the rods, varied 
directly with the percentage of alumina in the cements tested, proving 
conclusively that the welling was due to the action of the calcium 
sulphaluminate formed during the operation. 

The work of Candlot, on the other hand, suggests that alumina per se 
is not an injurious ingredient for sea-water cements; and that immunity 
from marine action may in fact be effectively gained by increasing the 
normal alumina content. As a laboratory problem the matter is still 
unsettled, but meantime the results attained during five years or more of 
actual use by the high-alumina ciment fondu have conclusively supported 
CandloCs views. 

Resistance to shock. — At the time the first edition of this book was 
published, some German experiments, the French test on forts, and the 
Japanese experiences at Port Arthur were all that threw light on the 
subject of concrete resistance under direct and repeated shock. Since 
then the matter has been tested on an enormous scale. For a summary 
of the results reference may be made to the papers cited below.* Here 
it may be said only that the resistance of concrete to shell shock seems 
to have depended less upon the character and quality of the cement 
employed than upon the proportions of the mix, the thickness of the 
mass, and the presence or absence of reinforcing. 

At various points on the western front concretes of hydraulic lime, 
slag cement, normal Portland cement and high-alumina cement were 
employed. Of these the first two had the serious disadvantages of being 
slow-hardening; otherwise their resistance was fair enough. Unrein- 

* Eckel, E C Concrete m front-line work, 1911-1917 Concrete, vol 20, 
pp. 173-176, 199-200, 222-223, 1922 
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forced concrete, even of good materials, tended to fall apart under con- 
tinued shock, particularly when the proportioning gave an overload 
of coarse material — pebbles or stone. Reinforcing helped materially to 
reduce damage. The chief lesson of the whole matter was that refined 
laboratory methods of proportioning and designing led frequently to 
failure in actual practice, because actual work in the field is not at all 
refined. 

Effects of storage. — Cement when stored under ordinary conditions 
shows rather heavy decreases in strength, along with slowing of its 
setting time. These results have been determined by Abrams * in a 
series of tests under varying storage conditions. 

As to the extent of the deterioration Abrams found that cement stored 
in sacks in an outdoor shed had strengths as follows: 

After 3 months storage, 80 per cent of original strength 

After G months storage, 71 per cent of original strength 

After 12 months storage, 61 per cent of original strength 

After 24 months storage, 40 per cent of original strength 

As to the form of the deterioration, it resulted in all cases in a greater 
loss of strength in short-time tests than in long-time tests; and in all 
cases it caused slowing of both initial and final setting times. 


Standard Cement Testing Methods, U. S. A. 

Beginning in 1903, and lasting on until the present day, various 
American technical societies and government departments have been 
working on cement testing methods and cement specifications. At 
various dates during that period preliminary and final reports on dif- 
ferent phases of the work have been issued by the Society of Chemical 
Industry, the American Society of Civil Engineers, the American 
Society for Testing Materials, and the U. S. Bureau of Standards. The 
resulting specifications, in so far as they are purely specifications, will 
be found on pages 5G9 to 574 of this volume; the detailed methods of 
chemical analysis on pages 524 to 527. In the present chapter the 
methods aTiopted for the physical tests will be summarized. 

Specific gravity. — The Le Chatelier specific gravity flask is officially 
adopted as the standard apparatus for this test, but the test itself is 
falling into disfavor. 

* Abrams, DufT A Effect of storage of cement Bulletin 6, Structural Mate- 
rials Laboratory, Lewis Institute, Chicago, 8vo, pp 29, 1920. 
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!< — 4c.’.r_J 

cm — bcH i 


The flask (Fig. 149) is filled with kerosene free from water, or with 
benzine not lighter than 02° Bailing, to a point on the stem between 
zero and 1 c.c. 64 grams of cement, of the same temperature as the liquid, 
is slowly introduced, taking care that the cement docs not adhere to 
the inside of the flask above the liquid, and to free the cement from air 
by rolling the flask in an inclined position. After all the cement is 

introduced the level of the liquid 
will have risen to some division of 
the graduated neck; the difference 
between this and the original reading 
is the volume displaced by 64 gr. 
cement. The specific gravity then 
equals the weight of cement divided 
by the displaced volume. 

Fineness. — The apparatus used 
for fineness tests is a standardized 
No. 200 sieve. This has nominally 
200 wires to the linear inch; is cir- 
cular, approximately 8 inches in 
diameter; with wires woven from 
brass or bronze usually. The wire 
should be 0.0021 inch in diameter, 
giving nominally an opening of 
0.0029 inch. 

“ The test shall be made with 
50 gr. cement. The sieve shall be 
thoroughly clean and dry. The 
cement shall be placed on the sieve, 
with pan and cover attached, if de- 
sired, and shall be held in one hand 
in a slightly inclined position so that 
the sample will be well distributed 
over the sieve, at the same time gently striking the side about 150 times 
per minute against the palm of the other hand on the up stroke. The 
sieve shall be turned every 25 strokes about one-sixth revolution in the 
same direction. The operation shall continue until not more c than 0.05 
gram passes through in one minute of continuous sieving.” 

Normal consistency. — The Vicat apparatus is adopted as standard. 
It consists of a frame A (Fig. 150) bearing a movable rod B, weighing 300 
grams, one end C being 1 cm. in diameter for a distance of 6 cm.; the 
other having a removable needle D, 1 mm. in diameter and 6 cm. long. 



Fig 149 — Le Chatelier specific gravity 
flask. 



The rod is reversible, and can be held in any desired position by a screw 
E, and has midway between the ends a mark F which moves under a 
scale (graduated in millimeters) attached to the frame A. The paste is 
held in a conical hard-rubber ring G, 7 cm. in diameter at the base, 4 cm. 
high, resting on a glass plate II about 10 cm. square. 

In making the determination, 500 gr. of cement, with a measured 
quantity of water, shall be kneaded into a paste, as described in section 
37, and quickly formed into a ball with the hands, completing the opera- 
tion by tossing it six times from one hand to the other, maintained 
about 6 inches apart; the ball resting in the palm of one hand shall be 



Fie 150 — Vicat apparatus for testing consistency 


pressed into the larger end of the rubber ring held in the other hand, 
completely filling the ring with paste; the excess at the larger end shall 
then be removed by a single movement of the palm of the hand; the 
ring shall then be placed on its larger end on a glass plate and the excess 
paste at the smaller end sliced off at the top of the ring by a single 
oblique stroke of a trowel held at a slight angle with the top of the 
rinr. During these operations care shall be taken not to compress 
the paste. The paste confined in the ring, resting on the plate, shall be 
placed under the rod, the larger end of which shall be brought in contact 
with the surface of the paste; the scale shall be then read, and the rod 
quickly released. The paste shall be of normal consistency when the 
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rod settles to a point 10 mm. below the original surface in one-half 
minute after being released.” 

Trial pastes shall be made with varying percentages of water until the 
normal consistency is obtained. The amount of water required shall 
be expressed in percentage by weight of the dry cement. Having deter- 
mined the normal consistency of the cement, the amount of water 
required for the mortar briquettes is found from the 'following table, 
the values stated being in percentages of cement plus sand: 


Percentage of Wider 
for Neat Cement Caste 
of Normal Consisteney 

Percentage of Watei 
for One Cement, Throe 
Stamhud Ottawa Sand 

Pei pontage of Watei 
for Neat Cement Caste 
of Normal Consistency 

Percentage of Water 
for One Cement, Three 
Stamhud Ottawa Sand 

If) 

9 0 

23 

10 3 

10 

9 2 

21 

10 5 

17 

9 8 

25 

10 7 

18 

9 r> 

20 

10 8 

19 

9 7 

27 

11 0 

20 

9 8 

28 

11 2 

21 

10 0 

29 

11 3 

22 

10 2 

l 

30 

i 

11 5 


Soundness. — The method adopted to determine soundness is unfor- 
tunately not quantitative; in the course of time it will probably be 
replaced by the use of Vicat needles or some other modern and exact 
device. As now adopted the American method involves the use of any 
steam apparatus which can maintain the test pieces at temperatures 
between 98° and 100° 0. 

A pat from cement paste of normal consistency about 3 inches in 
diameter, one-half inch thick at the center, and tapering to a thin edge, 
shall be made on clean glass plates about 4 inches square, and stored in 
moist air for 24 hours. In molding the pat the cement paste shall first 
be flattened on tho glass and the pat then formed by drawing the trowel 
from the outer edge toward the center. 

The pat shall then be placed in an atmosphere of steam at a tem- 
perature between 98° and 100° C. upon a suitable support 1 inch above 
boiling water for five hours. 

Should the pat leave the plate, distortion may be detected best with 
a straight edge applied to the surface which was in contact with the plate. 

Setting time. — The Vicat apparatus used for determining consist- 
ency is also adopted for setting time determinations. 

A paste of normal consistency is molded in the hard-rubber ring, 
and placed under the rod (/?), the smaller end of which is then care- 
fully brought in contact with the surface of the paste, and the rod 
quickly released. 
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The initial set is said to have occurred when the needle ceases to 
pass a point 5 nun. above the glass plate; and the final set, when the 
needle does not sink visibly into the paste. 

The test pieces should be kept in moist air during the test; this may 
be accomplished by placing them on a rack over water contained in a 
pan and covered by a damp cloth; the cloth to bo kept from contact 
with them by Rican s of a wire 

screen; or they may be stored in U- , f >j 

a moist box or closet. 

Care should be taken to keep 
the needle clean, as the collection 
of cement on the sides of the 
noodle retards the penetration, 
while cement on the point may 
increase the penetration. 

The time of setting is affected 
not only by the percentage and 
temperature of the water used 
and the amount of kneading the 
paste receives, but by the tem- 
perature and humidity of the 
air, and its determination is, 
therefore, only approximate. 

Standard sand.— The sand 
adopted as the American stand- 
ard is “natural sand from Ottawa, 

Illinois, screened to pass a No. 20 
sieve and retained on a No. 30 sieve. This sand having passed the 
No. 20 sieve shall be considered standard when not more than 5 gr. pass 
the No. 30 sieve after one minute continuous sieving of a 500 gr. 
sample.” 

It may be noted in passing that though it may be convenient to 
describe the sand from the Ottawa locality as a “ natural sand,” it is 
not entirely exact. The sand there quarried is the residuum from the 
decay of a loosely cemented sandstone. 

Standard test-pieces. — The briquette adopted as standard in the 
United States has the form and dimensions noted in Fig. 151. The 
briquettes are to be hand-molded, without mechanical compression; 
in testing the load is to be applied at the rate of (>00 pounds per minute. 




CHAPTER XXXVIII. 


SPECIFICATIONS FOR PORTLAND CEMENT 

Various specifications for Portland cement have been collected for 
insertion in the present chapter. These are of interest partly for com- 
parison and partly to show the growth of intelligent treatment of this 
subject. 

Since the first edition of this book was published progress in the 
direction of standardization has been very rapid, and we have now 
reached essential uniformity in this regard. The result of such uniform- 
ity, here as elsewhere in American industry, is the production of large 
tonnages of product, all of essentially the same type and grade. To 
this extent standardization is an advantage; in its broader effects on the 
future development of better cements it may not be helpful. 


New York State Canals, 1896. 

The mortar and grout will be made of the best quality of Portland 
or natural hydraulic cement, as may be directed, and clean, sharp sand, 
in such proportions and made and used in such manner as may be 
required by the engineer. 

No cement shall be used in any part of the masonry until the State 
engineer shall have examined, tried, and approved the same. It must 
be delivered in tight casks or bags, as the division or resident engineer 
may direct, and thereafter be properly protected from the weather. 

The engineer to direct in what manner the sand shall be screened 
and worked, and washed, if necessary. When considered necessary 
by the engineer, salt shall be used with the mortar in such manner and 
proportions as he may direct. 

Special directions shall be given by the engineer as to tho. delivery of 
cement and as to the time and facilities required for testing it previous 
to its use in the work. No cement will be used except in compliance 
with these directions. All facilities required by the engineer for securing 
tests must be afforded by the contractor. All cement must be stored 
in substantial water-proof structures from the time of delivery till used. 

554 
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All cement offered for use in any work will be sampled by an agent 
of the State Engineer’s Department. Samples will be collected immcdi- 
diately on delivery of cement at site of work, and contractors will 
promptly notify the engineer of the receipt of cement, in order that no 
delay may be had in the sampling thereof. All samples will be for- 
warded to the cement-testing office in Albany, and will be subjected to 
the following tests, and any cement failing on either of them will be 
rejected, though the further right is reserved to reject any and all 
cements the qualities of which have not become well known through 
prior use in State work or elsewhere. 

Portland cement must be of the best quality and of such fineness 
that 95 per cent of the cement will pass through a sieve of 2500 meshes 
to the square inch, and 90 per cent through a sieve of 10,000 meshes 
per square inch. Portland cement when mixed neat and exposed one 
day in air and six days in water shall withstand a tensile strain of 
not less than 400 lbs. to the square inch, and when mixed in the ratio of 
3 lbs. clean, sharp sand to 1 lb. of cement and exposed one day in air 
and six days in water, it shall withstand a tensile strain of not less than 
125 lbs. per square inch. 

Rapid-transit Subway, New York City, 1900-1901. 

Fineness. — Ninety-eight per cent shall pass a No. 50 sieve and 90 
per cent a No. 100 sieve. 

Tensile strength. — At the end of one day in water after hard set, 
150 lbs. neat; at the end of seven days, one day in air, six days in 
water, 400 lbs. neat; at the end of twenty-eight days, one day in air, 
twenty-seven days in water, 500 lbs. neat. When mixed 2 to 1 with 
quartz sand: At the end of seven days, one day in air, six days in water, 
200 lbs. ; at the end of twenty-eight days, one day in air, twenty-seven 
days in water, 300 lbs. 

Chemical analyses. — Chemical analyses will be made from time 
to time, and cement furnished must show a reasonable uniform com- 
position. 

Soundness. — Tests for checking and cracking and for color will be 
made by molding, on plates of glass, cakes of neat cement about 3 inches 
in diameter, ^ inch thick in the center, and with very thin edges. One 
of these cakes when set perfectly hard shall be put in water and exam- 
ined for distortion or cracks, and one shall be kept in air and examined 
for color, distortion, and cracks. Another cake shall be allowed to set 
in steam for twenty-four hours and then put in boiling water for 
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twenty-four hours. Another cake shall be allowed to set hard in dry 
air for twenty -four hours and then put in boiling water for twenty-four 
hours. Such cakes should at the end of the tests still adhere to the 
glass and show neither cracks nor distortion. A briquette, in like man- 
ner, should be allowed to set hard in dry air for twenty-four hours, 
then boiled for twenty-four hours, be kept for five days in water, and 
show 350 lbs. tensile strength. 

Department of Bridges, New York City, 1901. 

(106) That all cement used on this work must be the best quality 
of imported or American Portland cement, manufactured by works of 
established reputation for furnishing a high-grade and uniform product. 
Cement must show a chemical analysis satisfactory to the engineer. 

(107) That briquettes of neat cement exposed to air for twenty- 
four hours and then immersed in water for six days must have a tensile 
strength of at least 400 lbs. per square inch. 

(108) That briquettes of mortar mixed in proportion of one part 
of cement to two and one-half parts of dry sand, by weight, exposed 
to the air for twenty-four hours and then immersed in water for six 
days, must have a tensile strength of not less than 180 lbs. per square 
inch. 

(109) That cement must be ground so fine that 90 per cent of it 
will pass through a sieve of 10,000 meshes per square inch. 

(110) That pats of neat cement set in the air and then immersed 
in boiling water for twenty-four hours must show no checks or cracks. 

(111) That cement must be sufficiently fresh to have lost no strength 
from age, but it must not be so fresh as to be “ hot ” and quick-setting. 
Neat cement at temperature of 70° F. must not take an initial set in 
less than thirty minutes, nor its final set in less than one hour. 

(112) That the contractor must provide adequate storage and 
enough cement ahead to enable; seven-day tests to be made before cement 
has to be used. 

(113) That the contractor must furnish every reasonable facility 
to the inspectors for drawing samples of cement, and not less than ten 
days (holidays and Sundays excluded) must elapse between time of 
drawing the samples and using the cement. 

(114) That cement must at all times be protected from dampness, 
air-currents, or other source of injury. 

(115) That the laboratory tests given above are not final. Should 
the engineer at any time deem any lot of cement damaged or question- 
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able in any respect, the same shall be rejected, although it may pre- 
viously have met other tests. 

(116) That cement must be delivered on the work in barrels of 
375 lbs. net weight, or in sacks of 94 lbs. net weight. 


* Engineer Corps, U. S. Army, 1902. 

(1) The cement shall be an American Portland, dry and free from 
lumps. By a Portland cement is meant the product obtained from 
the heating or calcining up to incipient fusion of intimate' mixtures, 
either natural or artificial, or argillaceous with calcareous substances, 
the calcined product to contain at least 1.7 times as much of lime, by 
weight, as of the materials which give the lime its hydraulic properties, 
and to be finely pulverized after said calcination, and thereafter addi- 
tions or substitutions for the purpose only of regulating certain prop- 
erties of technical importance to be allowable to not exceeding 2 per 
cent of the calcined product. 

(2) The cement shall be put up in strong, sound barrels well lined 
with paper, so as to be reasonably protected against moisture, or in 
stout cloth or canvas sacks. Each package shall be plainly labeled 
with the name of the brand and of the manufacturer. Any package 
broken or containing damaged cement may bo rejected or accepted 
as a fractional package, at the option of the United States agent in 
local charge. 

(3) Bidders will state the brand of cement which they propose to 
furnish. The right is reserved to reject a tender for any brand which 
has not established itself as a high-grade Portland cement and has not 
for three years or more given satisfaction in use under climatic or other 
conditions of exposure of at least equal severity to those of the work 
proposed. 

(4) Tenders will be received only from manufacturers or their author- 
ized agents. 

(The following paragraph will be substituted for paragraphs 3 and 4 
above when cement is to bo furnished and placed by the* contractor: 

No cement will be allowed to be used except established brands of 
high-grade Portland cement which have been made; by the same mill 
and in successful use under similar climatic conditions to those of the 
proposed work for at least three years.) 

(5) The average weight per barrel shall not be less than 375 lbs. net. 
Four sacks shall contain one barrel of cement. If the weight as deter- 
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twenty-four hours. Another cake shall be allowed to set hard in dry 
air for twenty -four hours and then put in boiling water for twenty-four 
hours. Such cakes should at the end of the tests still adhere to the 
glass and show neither cracks nor distortion. A briquette, in like man- 
ner, should be allowed to set hard in dry air for twenty-four hours, 
then boiled for twenty-four hours, be kept for five days in water, and 
show 350 lbs. tensile strength. 

Department of Bridges, New York City, 1901. 

(106) That all cement used on this work must be the best quality 
of imported or American Portland cement, manufactured by works of 
established reputation for furnishing a high-grade and uniform product. 
Cement must show a chemical analysis satisfactory to the engineer. 

(107) That briquettes of neat cement exposed to air for twenty- 
four hours and then immersed in water for six days must have a tensile 
strength of at least 400 lbs. per square inch. 

(108) That briquettes of mortar mixed in proportion of one part 
of cement to two and one-half parts of dry sand, by weight, exposed 
to the air for twenty-four hours and then immersed in water for six 
days, must have a tensile strength of not less than 180 lbs. per square 
inch. 

(109) That cement must be ground so fine that 90 per cent of it 
will pass through a sieve of 10,000 meshes per square inch. 

(110) That pats of neat cement set in the air and then immersed 
in boiling water for twenty-four hours must show no checks or cracks. 

(111) That cement must be sufficiently fresh to have lost no strength 
from age, but it must not be so fresh as to be “ hot ” and quick-setting. 
Neat cement at temperature of 70° F. must not take an initial set in 
less than thirty minutes, nor its final set in less than one hour. 

(112) That the contractor must provide adequate storage and 
enough cement ahead to enable; seven-day tests to be made before cement 
has to be used. 

(113) That the contractor must furnish every reasonable facility 
to the inspectors for drawing samples of cement, and not less than ten 
days (holidays and Sundays excluded) must elapse between time of 
drawing the samples and using the cement. 

(114) That cement must at all times be protected from dampness, 
air-currents, or other source of injury. 

(115) That the laboratory tests given above are not final. Should 
the engineer at any time deem any lot of cement damaged or question- 
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Briquettes made of 1 part cement and 3 parts standard sand, by 
weight, shall develop tensile strength per square inch as follows: 

After seven days, 140 lbs.; after twenty-eight days, 220 lbs. 

(In case quick-setting cement is desired, the following tensile strength 
shall be substituted for the above: 

Neat briquettes: After seven days, 400 lbs.; after twenty -eight 
days, 480 lbs. 

Briquettes of 1 part cement to 3 parts standard sand: After seven 
days, 120 lbs.; after twenty-eight days, 180 lbs.) 

(12) The highest result from each set of briquettes made at any 
one time is to be considered the governing test. Any cement not show- 
ing an increase of strength in the twenty-eight-day tests over the seven- 
day tests will be rejected. 

(13) When making briquettes neat cement will be mixed with 20 
per cent of water by weight, and sand and cement, with 12 J per cent 
of water by weight. After being thoroughly mixed and worked for 
five minutes, the cement or mortar will be placed in the briquette mold 
in four equal layers, and each layer rammed and compressed by thirty 
blows of a soft brass or copper rammer three-quarters of an inch in 
diameter (or seven-tenths of an inch square, with rounded corners), 
weighing 1 lb. It is to be allowed to drop on the mixture from a height 
of about half an inch. When the ramming has been completed, the 
surplus cement shall be struck off and the final layer smoothed with 
a trowel held almost horizontal and drawn back with sufficient pressure 
to make its edge follow the surface of the mold. 

(14) The above are to be considered the minimum requirements, 
Unless a cement has been recently used on work under this office, bidders 
will deliver a sample barrel for test before the opening of bids. If this 
sample shows higher tests than those given above, the average of tests 
made on subsequent shipments must come up to those found with the 
sample. 

(15) A cement may be rejected in case it fails to meet any of the 
above requirements. An agent of the contractor may be present at 
the making of the tests, or, in case of the failure of any of them, they 
may be repeated in his presence. If the contractor so desires, the 
engineer officer in charge may, if he deem it to the interest of the United 
States, have any or all of the tests made or repeated at some recognized 
standard testing laboratory in the manner herein specified. All 
expenses of such tests to be paid by the contractor. All such tests shall 
be made on samples furnished by the engineer officer from cement 
actually delivered to him. 
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U. S. Reclamation Service, 1904. 

1. Definition. — The cement shall bo high-grade Portland cement. 
By the term Portland cement is to be understood the material obtained 
by finely pulverizing clinker produced by burning to seipi-fusion an inti- 
mate mixture of finely ground calcareous and argillaceous materials. 

2. Composition. — It must be of normal composition, in which the 
proportion of the sum of calcium oxide and alkalies to the sum of the 
silica, alumina, and ferric oxide must not be less than 1.7 to 1 nor more 
than 2.2 to 1. It shall not contain over 3 per cent of magnesia nor 2 \ 
per cent of sulphate of lime. But in certain cases where such amounts 
of these substances are objectionable the engineer in charge may specify 
lower percentages. Its freedom from uncombined lime shall be deter- 
mined as in article 12. The question of adulteration may be determined 
either by chemical analyses or by inspection of the process at the factory. 

3. Bids. — Bids will be received only from manufacturers or their 
authorized agents, and the name of the brand offered shall in all cases 
be stated. 

4. Weight per barrel or sack.— The average weight per barrel shall 
not be less than 375 lbs. net. Four sacks shall contain 1 barrel of cement. 
If the weight as determined by test weighings is found to be below 
375 lbs. per barrel, the contractor may be required to supply free 
of cost to the United States, an additional amount of cement equal 
to the shortage. 

5. Barrels: damaged cement. — If the cement is delivered in barrels, 
the barrels shall be strong and lined with paper, and the cement shall 
be free from lumps. Any package that is broken or that contains dam- 
aged cement may be rejected by the United States agent in local charge. 

6. Sampling. — Samples of cement are to be taken from the barrels 
or sacks with a sampling-tube in such manner as to secure fair average 
of the packages. They are to be taken from every tenth barrel or for- 
tieth sack, and numbered, and the packages from which they are taken 
to be sealed and corresponding numbers attached for future identifica- 
tion. The quantities taken are to be kept separate and tested sepa- 
rately. When the results of tests indicate variation in the quality 
of the cement, additional barrels or sacks will be .sampled and tested. 

7. Aeration and testing. — No cement shall be shipped until at least 
sixty days after its manufacture, except that in case of an emergency, 
and with the approval of the engineer in charge, a shorter time may 
be allowed, but if the cement shows indications of unsoundness, a longer 
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time may be required. The contractor shall keep in storage, in sacks 
or barrels, such stocks of cement as the engineer shall require, free of 
expense to the United States, for sampling and testing during a period 
of twenty -eight days. 

8. Shipment. — The engineer shall give notice in writing to the con- 
tractor of the approximate requirements for cement shipments and of 
dates for sampling. In all cases the contractor shall be responsible for 
the delivery of the cement in good condition at the place of consignment. 

9. Factory inspection. — The Government engineer, or his author- 
ized agent, shall at all times have liberty to inspect the materials, 
process of manufacture, and daily laboratory records of analyses and 
tests at the cement works. 

10. Fineness. — Ninety -five per cent by weight must pass through 
a No. 100 sieve having 10,000 meshes per square inch, the wire to be 
No. 40 Stubbs wire gauge; and 75 per cent by weight must pass through 
a No. 200 sieve having 40,000 meshes per square inch, the wire to be 
No. 48 Stubbs wire gauge. 

11. Specific gravity. — The specific gravity of the cement shall not 
be less than 3. 

12. Soundness. — Pats are to be made of neat mortar of normal 
consistency. The pats are to be molded on glass plates. They are to be 
circular in shape, 3 inches in diameter, ] inch thick in the center, and 
drawn to a thin edge at their circumference, and are to be kept under 
a wet cloth, or in a moist atmosphere, until finally set. One pat is to 
be put in water, the temperature of which is to be raised to the boiling- 
point and kept at that point for six hours. If the pat softens, cracks, 
warps, or disintegrates, the cement is unsound. 

13. Time of setting. — The cement shall not acquire its initial set in 
less than forty-five minutes, and must acquire its final set within twelve 
hours. The pats made to test the soundness may be used in determin- 
ing the time of setting. The cement is considered to have acquired 
its initial set when the pat will bear, without being appreciably indented, 
a wire ^ inch in diameter loaded to weigh one-fourth lb. The final 
set has been acquired when the pat will bear, without being appre- 
ciably indented, a needle ^j-inch in diameter loaded to weigh 1 lb. 

14. Malting briquettes.— In making briquettes, neat cement mortar 
of normal consistency will be used. The mortar will be thoroughly 
mixed with a trowel and kneaded into the molds with the thumbs, a 
blunt stick, or a plunger. 8ix briquettes will be made from each sample. 
In making sand briquettes, the proportions shall be one part by weight 
of cement to three parts of standard crushed quartz sand and about 
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half as much water as is used for neat briquettes. Six briquettes will 
be made from each sample. 

15. Tensile strength. — The neat briquettes prepared as specified 
above shall stand a minimum tensile strain per square inch as follows: 

For one day in air and six days in water 450 lbs. 

For one day in air and twenty-seven days in water. . 550 ‘ ‘ 

The sand-mortar briquettes, prepared as specified above, shall stand 
a minimum tensile strain per square inch as follows: 

After one day in air and six days in water . . . 175 lbs. 

After one day in air and twenty-seven days in water 225 ‘ ‘ 

16. Requirements. — The above are to be considered the minimum 
requirements. The neat tests are to be considered of less value than 
those of sand and cement. The twenty-eight-day tests must always 
be higher than the seven-day tests. A cement may be rejected which 
fails to meet any of the above requirements. 


Canadian Society of Civil Engineers.* 

The whole of the cement is to be well-burned pure Portland cement, 
of the best quality, free from free lime, slag dust, or other foreign mate- 
rial. 

(1) Fineness. — The cement shall be ground so fine that the residue 
on a sieve of 10,000 meshes to the square inch shall not exceed 10 per 
cent of the whole by weight, and the whole of the cement shall pass 
a sieve of 2500 meshes to the square inch. 

(2) Specific gravity. — The specific gravity of the cement shall be 
at least 3.09, and shall not exceed 3.25 for fresh cement, the term 
“ fresh ” being understood to apply to such cements as are not more 
than two months old. 

(3) Tests. — The cement shall be subjected to the following tests: 

(a) Blowing test . — Mortar pats of neat cement thoroughly worked 

shall be troweled upon carefully cleaned 5-inch by 2^ -inch ground- 
glass plates. The pats shall be about \ inch thick in the center and 
worked off to the sharp edges at the four sides. They shall be covered 
with a damp cloth and allowed to remain in the air until set, after which 
they shall be placed in vapor in a tank in which the water is heated 

* Proposed Canadian standard specifications for Portland cement. Cement, 
vol 4, pp 98-99 May, 1903 
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to a temperature of 130° F. After remaining in the vapor six hours, 
including the time of setting in air, they shall he immersed in the hot 
water and allowed to remain there for eighteen hours. After removal 
from the water the samples shall not be curled up, shall not have fine 
hair cracks, nor large expansion cracks, nor shall they be distorted. 
If separated from the glass, the samples shall break with a sharp, crisp 
ring. 

(b) Tensile test (mat cement ). — -Briquettes made of neat cement 
mixed with about 20 per cent of water, by weight, after remaining 
one day in air, in a moist atmosphere, shall be immersed in water, 
and shall be capable of sustaining a tensile stress of 250 lbs. per square 
inch after submersion for two days, 400 lbs. per square inch after sub- 
mersion for six days, 500 lbs. per square inch after submersion for 
twenty-seven days. The tensile test shall be considered as the aver- 
age of the strength of five briquettes, and any cement showing a decrease 
in tensile strength on or before the twenty-eighth day shall be rejected. 

(Sand and cement ). — The sand for standard tests shall be clean quartz, 
crushed so that the whole shall pass through a sieve of 400 meshes to 
the square inch, but shall be retained on a sieve of 900 meshes per square 
inch. The sand and cement shall be thoroughly mixed dry, and then 
about 10 per cent of their weight of water shall be added, when the 
briquettes are to be formed in suitable molds. After remaining in a 
damp chamber for twenty-four hours the briquettes shall be immersed 
in water, and briquettes made in the proportion of one of cement to 
three of sand, by weight, shall bear a tensile stress of 125 lbs. per square 
inch after submersion for six days, and 200 lbs. per square inch after 
submersion for twenty-eight days. Sand and cement briquettes shall 
not show a decrease in tensile strength at the end of twenty-eight days 
or subsequently. 

(4) The manufacturer shall, if required, supply chemical analyses 
of the cement. 

(5) Packing. — The cement shall be packed either in stout air- and 
water-tight casks, carefully lined with strong brown paper, or in strong 
air- and water-tight bags. 

(6) The manufacturer shall give a certificate with each shipment 
of cement, stating (1) the date of manufacture; (2) the tests and 
analyses which have been obtained for the cement in question at the 
manufacturer’s laboratory; (3) that the cement docs not contain any 
adulteration. 
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Concrete-steel Engineering Company.* 

No cement will be allowed to be used except established brands of 
high-grade Portland cement which has been in successful use under 
similar conditions to the work proposed for at least three years, and 
has been seasoned or subjected to aeration for at least thirty days before 
leaving the factory. All cement shall be dry and free from lumps, 
and immediately upon receipt shall be stored in a dry, well-covered, 
and ventilated place thoroughly protected from the weather. If 
required the contractor shall furnish a certified statement of the chem- 
ical composition of the cement and of the raw material from which it is 
manufactured. 

The fineness of the cement shall be such that at least 90 per cent 
will pass through a sieve of No. 40 wire, Stubbs gauge, having 10,000 
openings per square inch, and at least 75 per cent will pass through a 
sieve of No. 45 wire, Stubbs gauge, having 40,000 openings per square 
inch. 

Samples for testing may be taken from every bag or barrel, but 
usually for tests of 100 barrels a sample 1 will be taken from every tenth 
barrel. The samples will be mixed thoroughly together while dry, 
and the mixture be taken as the sample for test. 

Tensile tests will be made on specimens prepared and maintained 
until tested at a temperature not less than 60° F. Each specimen will 
have an area of 1 square inch at the breaking section and after being 
allowed to harden in moist air for twenty-four hours will be immersed 
and maintained under water until tested. 

The sand used in preparing test specimens shall be clean, sharp, 
crushed quartz retained on a sieve of 30 meshes per lineal inch, and 
passing through a sieve of 20 meshes per lineal inch. In test speci- 
mens of one cement and three sand, no more than 12 per cent of water 
by weight shall be used. Specimens prepared from a mixture of one 
part cement and three parts sand, parts by weight, shall after seven 
days develop a tensile strength of not less than 170 lbs. per square inch, 
and not less than 240 lbs. per square inch after twenty-eight days. 
Cement mixed neat from 20 per cent to 25 per cent of water to form 
a stiff paste shall, after 30 minutes, be appreciably indented by the end 
of a wire inch T V in diameter loaded to weigh \ lb. Cement made into 
thin pats on glass plates shall not crack, scale, or warp under the fol- 

* The specifications from which this section is taken were published in Cement, 
vol. 4, pp. 105-108, May, 1903 They are for concrete-steel structures on the 
Melan, Thacher and Von Emperger patents 
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lowing treatment: Three pats will be made and allowed to harden in 
moist air at from 60° to 70° F.; one of these will be placed in fresh water 
for twenty-eight days, another will be placed in water which will be 
raised to the boiling-point for six hours and then allowed to cool, and 
the third is to be kept in the air of the prevailing outdoor temperature. 

British Standard Specifications.* 

Quality and preparation. — (1) The cement is to be prepared by 
intimately mixing together calcareous and argillaceous materials, burn- 
ing them at a clinkering temperature and grinding the resulting clinker. 
No addition of any material is to be made after burning, except when 
desired by the manufacturer, and if not prohibited in writing by the 
consumer, in which case calcium sulphate or water may be used. The 
cement, if watered, shall contain not more than 2 per cent of water, 
whether that water has been added or has been naturally absorbed from 
the air. If calcium sulphate is used, not more than 2 per cent calcu- 
lated as anhydrous calcium sulphate of the weight of the cement shall 
be added. 

Sampling and preparation for testing and analysis.— (2) As soon 
as the cement has boon bulked at the maker’s works, f or on the works 
in connection with which the material is to be used, at the consumer’s 
option, samples for testing are to bo taken from each parcel, each sample 
consisting of cement from at least twelve different positions in the same 
heap, so distributed as to insure, as far as is practicable, a fair average 
sample of the whole parcel, all to be mixed together and the sample 
for testing to be taken therefrom. 

(3) Before gauging the tests, the sample so obtained is to be spread 
out for a depth of 3 inches for twenty-four hours, in a temperature of 
58° to 64° F. 

(4) In all cases where consignments are of 100 tons and upwards 
samples selected as above from each consignment, either at the maker’s 
works or after delivery at the works where the cement is to be used, 
arc to be sent for expert testing and for chemical analysis. In no 
case is cement so tested and analyzed to be accepted or used unless 
previously certified in writing by the consumer to be of satisfactory 
quality. Payment for such tests and analyses to be made by the con- 

* British standard specifications for Portland cement. Engineering News, 
vol 53, pp 227-228 March 2, 1905 

f Should the consumer desire to stipulate for any special quantity, the size of 
the heap should be stated 



566 


CEMENTS, LIMES, AND PLASTERS. 


sumer, the manufacturer supplying the cement required for the same 
free of charge. When consignments of less than 100 tons have to be 
supplied, the maker shall, if required, give certificates for each delivery, 
to the effect that such cement complies with the terms of this standard 
specification, with regard to quality, tests, and chemical analyses, no 
payment being made by the consumer for such certificate nor for the 
making of such tests and analyses. 

(5) Should it be deemed more convenient by the consumers that 
the samples for testing should be taken at the makers’ works before 
delivery, the latter are, in that event, to afford full facilities to the in- 
spector who may be appointed by the consumers to sample the cement 
as he may desire at the makers’ works, and subsequently to identify 
each parcel as it may be dispatched, with that sampled by him. No 
parcel is to be sent away unless a written order has been previously 
received by the makers from the said consumer to the effect that the 
material in question has been approved. 

Fineness and sieves. — (6) The cement shall be ground to comply 
with the following degrees of fineness, viz.: 

The residue on a sieve 76X76=5776 meshes per square inch is not 
to exceed 5 per cent. 

The residue on a sieve 180X180=32,400 meshes per square inch 
is not to exceed 22} per cent. 

The sieves are to be prepared from standard wire; the size of the 
wire for the 5776 mesh is to be .0044 inch and for the 32,400 mesh 
.0018 inch. The wire shall be woven (not twilled), the cloth being 
carefully mounted on the frames without distortion. 

Specific gravity. — (7) The specific gravity of the cement shall be not 
less than 3.15 when sampled and hermetically sealed at the makers’ 
works, nor less than 3.10 if sampled after delivery to the consumer. 

Chemical composition. — (8) The cement is to comply with the follow- 
ing conditions as to its chemical composition. There shall be no excess 
of lime, that is to say, the proportion of lime shall be not greater than 
is necessary to saturate the silica and alumina present. The percent- 
age of insoluble residue shall not exceed 1.5 per cent; that of mag- 
nesia shall not exceed 3 per cent, and that of sulphuric anhydride shall 
not exceed 2.5 per cent. 

Tensile tests. — (9) The quantity of water used in gauging shall be 
appropriate to the quality of the cement, and shall be so proportioned 
that when the cement is gauged it shall form a smooth, easily worked 
paste that will leave the trowel cleanly in a compact mass. Fresh 
water is to be used for gauging, the temperature thereof, and of the test- 
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room at the time the said operations are performed, being from 58° to 
64° F. 

The cement gauged as above is to be filled, without mechanical ram- 
ming, into molds; each mold resting upon an iron plate until the cement 
has set. When the cement has set sufficiently to enable the mold to be 
removed without injury to the briquette, such removal is to be effected. 
The said briquettes shall be kept in a damp atmosphere and placed in 
fresh water twenty-four hours after gauging and kept there until broken, 
the water in which the test briquettes are submerged being renewed 
every seven days and the temperature thereof maintained between 58° 
and G4° F. 

Neat tests. — (10) Briquettes of neat cement are to be gauged for 
breaking at seven and twenty-eight days, respectively, six briquettes 
for each period. The average tensile strength of the six bri- 
quettes shall be taken as the accepted tensile strength for each period. 
For breaking, the briquette is to be held in strong metal jaws, the 
briquettes being slightly greased where gripped by the jaws. The 
load must then be steadily and uniformly applied, starting from zero 
increasing at the rate of 100 lbs. in twelve seconds. The briquettes are 
to bear on the average not less than the following tensile stresses before 
breaking : 

7 days from gauging . 400 lbs per square inch of section 
28 days from gauging . . . 500 lbs per square inch of section. 

The increase from seven to twenty-eight days shall not be less 
than: 

25% when the 7-day test falls between 400 to 450 lbs. per square inch. 

20% when the 7-day test falls between 450 to 500 lbs. per square inch. 

15% when the 7-day test falls between 500 to 550 lbs. per square inch. 

10% when the 7-day test falls between 550 lbs. per square inch or 
upwards. 

Sand tests —(11) The cement should also be tested by means of 
briquettes prepared from one part of cement to three parts by weight 
of dry standard sand, the said briquettes being of the shape described 
for the neat-cement tests; the mode of gauging, filling the molds, and 
breaking the briquettes is also to be similar. The proportion of water 
used shall be such that the mixture is thoroughly wetted, and there 
shall be no superfluous water when the briquettes are formed. The 
cement and sand briquettes are to bear the following tensile stresses: 

7 davs from gauging . . 120 lbs. per square inch of section. 

28 days from gauging 225 lbs. per square inch of section. 
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The increase from seven to twenty-eight days shall not be less than 
20 per cent. 

The standard sand referred to above is to be obtained from Leighton 
Buzzard. It must be thoroughly washed, dried, and pass through a 
sieve of 20X20 meshes per square inch, and must be retained on a sieve 
of 30X30 meshes per square inch, the wires of the sieve being .0104-inch 
and .0108-inch respectively. 

Setting- time. — (12) There shall be three distinct gradations of set- 
ting-time, which shall be designated as “ quick,” “ medium,” and 
“slow.”* 

Quick . — The setting-time shall not be less than ten minutes or more 
than thirty minutes. 

Medium . — The setting-time shall not be less than half an hour or 
more than two hours. 

Slow . — The setting-time shall not be less than two hours or more 
than five hours.* 

The temperature of the air in the test-room at the time of gauging 
and of the water used is to be between 58° and 04° F. 

The cement shall be considered as “ set ” when a needle having a 
flat end r£ inch square, weighing in all 2\ lbs., fails to make an impres- 
sion when its point is applied gently to the surface. 

Soundness. — -(13) The cement shall be tested by the Lc Ohateiier 
method, and is in no case to show a greater expansion than 12 milli- 
meters after twenty-four hours’ aeration and 0 millimeters after 7 days’ 
aeration. 

Note . — The apparatus for conducting the Lc Chatclier test consists 
of a small split cylinder of spring brass or other suitable metal of 0.5 
millimeter (.0197 inch) in thickness, 30 millimeters (1.1875 inches) 
internal diameter, and 30 millimeters high, forming the mold, to which 
on either side of the split arc attached two indicators 105 millimeters 
(6.5 inches) long from the center of the cylinder, with pointed ends. 

In conducting the test the mold is to be placed upon a small piece 
of glass and filled with cement gauged in the usual way, care being taken 
to keep the edges of the molds gently together while this operation is 
being performed. The mold is then covered with another glass plate, 
a small weight is placed on this, and the mold is immediately placed 
in water at 58° to 64° F. and left there for twenty-four hours. 

The distance separating the indicator points is then measured and 
the mold placed in cold water, which is brought to the boiling-point in 

* When a specially slow-setting cement is requiicd the minimum time of setting 
shall be specified. 
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15 to 30 minutes and kept boiling for six hours. After cooling, the 
distance between the points is again measured; the difference between 
the two measurements represents the expansion of the cement, which 
must not exceed the limits laid down in this specification. 

(14) The tests and analyses hereinbefore referred to shall in no case 
relate to a larger quantity of cement than 250 tons sampled at one time. 

Acceptance. —(15) No cement is to be approved or accepted unless 
it fully complies with the foregoing conditions. 


American Society for Testing Materials, 1909. 

(JKNKUAI. OHM'.IO \TION^ 

1. These remarks have been prepared with a view of pointing out 
the pertinent features of the various requirements and the precautions 
to be observed in the interpretation of the results of the tests. 

2. The committee would suggest that the acceptance or rejection 
under these specifications bo based on tests made by an experienced 
person having the proper means for making the tests. 

3. Specific gravity. — Specific gravity is useful in detecting adultera- 
tion or underburning. The result of tests of specific gravity are not 
necessarily conclusive as an indication of the quality of the cement, but 
when in combination with the results of other tests may afford valuable 
indications. 

4. Fineness. — The sieves should bo kept thoroughly dry. 

5. Time of setting.— (iron t can' should lx* exercised to maintain 
the test pieces under as uniform conditions as possible. A sudden 
change or wide range of temperature in the room in which t lie tests are 
made, a very dry or humid atmosphere, and other irregularities vitally 
affect the rate of setting. 

6. Tensile strength. — Finch consumer must fix the minimum 
requirements for tensile strength, to suit his own conditions, lhoy 
shall, however, be above the minimum later stated. 

7. Constancy of volume— The tests for constancy of volume are 
divided into two classes, the first normal, the second accelerated. The 
latter should be regarded as a precautionary test only, and not infallible. 
So many conditions enter into the making and interpreting of it that 
it should be used with extreme care. 

8. In making the pats the greatest care should be exercised to avoid 
initial strains due to molding or to too rapid drying out during the first 
twenty-four hours. The pats should be preserved under the most 



570 


CEMENTS, LIMES, AND PLASTERS. 


uniform conditions possible, and rapid changes of temperature should 
be avoided. 

9. The failure to meet the requirements of the accelerated tests 
need not be sufficient cause for rejection. The cement may, however, 
be held for twenty-eight days and a retest made at the end of that 
period. Failure to meet the requirements at this time should be consid- 
ered sufficient cause for rejection, although in the present state of our 
knowledge it cannot be said that such failure necessarily indicates 
unsoundness, nor can the cement be considered entirely satisfactory 
simply because it passes the tests. 


STANDARD SPECIFIC ATI ONS FOR CEMENT. 

1. General conditions. — All cement shall be inspected. 

2. Cement may be inspected cither at the place of manufacture or 
on the work. 

3. In order to allow ample time for inspecting and testing, the cement 
should be stored in a suitable weather-tight building having the floor 
properly blocked or raised from the ground. 

4. The cement shall be stored in such a manner as to permit easy 
access for proper inspection and identification of each shipment. 

5. Every facility shall be provided by the contractor and a period 
of at least twelve days allowed for the inspection and necessary tests. 

6. Cement shall be delivered in suitable packages with the brand 
and name of manufacturer plainly marked thereon. 

7. A bag of cement shall contain 94 lbs. of cement net. Each barrel 
of Portland cement shall contain 4 bags, and each barrel of natural 
cement shall contain 3 bags, of the above net weight. 

8. Cement failing to meet the seven-day requirements may be held 
awaiting the results of the twenty-eight-day tests before rejection. 

9. All tests shall be made in accordance with the methods proposed 
by the Committee on Uniform Tests of Cement of the American Society 
of Civil Engineers, presented to the society Jan. 21, 1903, and amended 
Jan. 20, 1904, and Jan. 15, 1908, with all subsequent amendments 
thereto. 

10. The acceptance or rejection shall be based on the following 
requirements : 

PORTLAND CEMENT 

18. Definition. — This term is applied to the finely pulverized product 
resulting from the calcination to incipient fusion of an intimate mixture 
of properly proportioned argillaceous and calcareous materials, and to 
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which no addition greater than 3 per cent has been made subsequent to 
calcination. 

19. Specific gravity. — The specific gravity of the cement, thoroughly 
dried at 100° C., shall bo not less than 3.10. 

20. Fineness. — It shall leave by weight a residue of not more than 
8 per cent on the No. 100, and not more than 25 per cent on the No. 
200-sieve. 

21. Time of setting. — It shall develop initial set in not less than 
thirty minutes, but must develop hard set in not less than one hour, 
nor more than ten hours. 

22. Tensile strength. — The minimum requirements for tensile 
strength for briquettes one inch square in section shall be as follows, 
and shall show no retrogression in strength within the periods spe- 
cified: 


Neat Cement 

Age Strength 

24 hours in moist air 175 lbs 

7 days (1 day in air, G days in water) . 500 “ 

28 days (1 day in air, 27 days in water) 600 “ 

One Part Cement, Three Parts Sand 

7 days (1 day in moist air, G days m water) 200 “ 

28 days (1 day in moist air 27 days in water) 275 “ 


23. Constancy of volume. — Pats of neat cement about three inches 
in diameter, one-half inch thick at the center, and tapering to a thin 
edge, shall be kept in moist air for a period of twenty-four hours. 

(а) A pat is then kept in air at normal temperature and observed 
at intervals for at least 28 days. 

(б) Another pat is kept in water maintained as near 70° F. as 
practicable, and observed at intervals for at least 28 days. 

(c) A third pat is exposed in any convenient way in an atmosphere 
of steam, above boiling water, in a loosely closed vessel for five hours. 

24. These pats, to satisfactorily pass the requirements, shall remain 
firm and hard and show no signs of distortion, checking, cracking or 
disintegration. 

25. Sulphuric acid and magnesia. — The cement shall not contain 
more than 1.75 per cent of anhydrous sulphuric acid (SO3), nor more 
than 4 per cent of magnesia (MgO). 
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United States Government Specification, 1917. Revised to Date. 


1. Portland cement is the product obtained by finely pulverizing 
clinker produced by calcining to incipient fusion, an intimate and 
properly proportioned mixture of argillaceous and calcareous materials, 
with no additions subsequent to calcination excepting water and cal- 
cined or uncalcined gypsum. 

2. The following limits shall not be exceeded: 



Per Cent 

Loss on ignition . 

4 (X) 

Insoluble residue 

0 85 

Sulphuric anhydride (SO.) 

2 00 

Magnesia (MgO) 

5 00 


3. The specific gravity of cement shall not be less than 3.10 (3 07 
for white Portland cement). Should the test of cement as received 
fall below this requirement a second test may be made upon an ignited 
sample. The specific gtavity test will not be made unless specifically 
ordered. 

4. The residue on a standard No. 200 sieve shall not exceed 20 per 
cent by weight.* 

5. A pat of neat cement shall remain firm and hard, and show no 
signs of distortion, cracking, chocking or disintegration in the steam test 
far soundness. 

G. The cement shall not develop initial set in less than forty-five 
minutes when the Vicat. needle is used or sixty minutes when the Gill- 
more noodle is used. Final set shall lx* attained within ten hours. 

7. The average tensile strength in pounds per square inch of not less 
than three standard mortar briquettes composed of one part cement and 
three parts standard sand, by weight, shall be equal to or higher than the 
following: 


Ago at Tost 

7 days 
28 days 


Storage* of lh iquotto 

1 day in moist, air; (> days in water 
1 day in moist air; 27 days in water 


Tonsilo Strength, 
Lbs pei Sq In 

200 

aoo 


8. The average tensile strength of standard mortar at twenty-eight 

days shall be higher than the strength at seven days. • 

9. The cement shall be delivered in suitable bags or barrels with the 
brand and name of the manufacturer plainly marked thereon, unless 
shipped in bulk. A bag shall contain 94 pounds net. A barrel shall 
contain 376 pounds net. 

* Increased from 22 per cent on July 1, 1918. 
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10. The cement shall be stored in such a manner as to permit easy 
access for proper inspection and identification of each shipment, and in a 
suitable weather-tight building which will protect the cement from 
dampness. 

11. Every facility shall be provided the purchaser for careful sam- 
pling and inspection at either the mill or at the site of the work, as 
may be specified by the purchaser. At least toil days from the time of 
sampling shall be allowed for the completion of the seven-day test, and 
at least thirty-one days shall bo allowed for the completion of the twenty- 
eight day test. The cement shall be tested in accordance with methods 
hereinafter prescribed. The twenty-eight-day test shall be waived 
only when specifically so ordered. 

12. The cement may be rejected if it fails to meet any of the require- 
ments of these specifications. 

13. Cement shall not be rejected on account of failure to meet the 
fineness requirement if upon retest after drying at 100° C. for one hour 
it meets this requirement. 

14. Cement failing to moot the test for soundness in steam may be 
accepted if it passes a retest using a new sample at any time within 
twenty-eight, days thereafter. 

15. Packages varying more than 5 per cent from the specific weight 
may be rejected; and if the average Weight of packages in any shipment, 
as shown by weighing 50 packages taken at random, is less than that 
specified, the entire shipment may be rejected. 

10. Tests may be made on individual or composite 4 sain pit's as may 
be ordered. Each test sample should weigh at least 8 lbs. 

17. (a) Individual Sample. — If sampled in cars one test sample shall 
be taken from each 50 barrels or fraction thereof. If sampled in bins 
one sample shall be taken from each 1(X) barrels. 

(i b ) Composite Sample. — If sampled in cars out* sample shall be taken 
from 1 sack in each 40 sacks (or l barrel in each 10 barrels) and com- 
bined to form one test sample. If sampled in bins or warehouses, one 
test sample shall represent not more than 200 barrels. 

18. Cement may be sampled at the mill by any of flu 4 following 
methods that may be practicable, as ordered: 

(a) Front the conveyor delivering to the bin.— At least 8 lbs. of cement 
shall be taken from approximately each 100 barrels passing over the 
conveyor. 

(i b ) From filled bins by means of proper sampling tubes. — Tubes 
inserted vertically may be used for sampling cement to a maximum 
depth of 10 feet. Tubes inserted horizontally may be used where the 
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construction of the bin permits. Samples shall be taken from points 
well distributed over the face of the bin. 

(c) From filled bins at points of discharge . — Sufficient cement shall be 
drawn from the discharge openings to obtain samples representative 
of the cement contained in the bin, as determined by the appearance 
at the discharge openings of indicators placed on the surface of the 
cement directly above these openings before drawing of the cement 
is started. 

19. Samples preferably shall be shipped and stored in air-tight con- 
tainers. Samples shall be passed through a sieve having 20 meshes per 
linear inch in order to thoroughly mix the sample, break up lumps, and 
remove foreign materials. 

The remaining items of these government specifications deal with 
details of testing methods, chemical and physical. These are omitted 
here, as such matters are discussed in other chapters of this volume. 
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CHAPTER XXXIX. 

PUZZOLANIC MATERIALS IN GENERAL 

Puzzolanic materials include all those natural or artificial materials 
which are capable of forming hydraulic cements on being simply mixed 
with lime, without the use of heat. Many materials possess this prop- 
erty, but relatively few have ever attained to sufficient commercial 
importance to be discussed here. In composition the puzzolanic mate- 
rials are largely made up of silica and alumina, usually with more or less 
iron oxide; some, as the slags used in cement-manufacture, carry also 
notable percentages of lime. As might be inferred from this compo- 
sition, most of the puzzolanic materials possess hydraulicity to a greater 
or less degree of themselves, but the addition of lime usually greatly 
increases their hydraulic power. 

The term puzzolan, here adopted for this group of cementing mate- 
rials, is a corruption of the adjective form of the name pozzuolana. 
It has no particular etymological excuse for existence, but will be 
accepted in this volume for the sake of uniformity, as it seems to have 
been adopted by various authorities in the United States. 


Natural Puzzolanic Materials. 

Natural puzzolanic materials are quite widely distributed, though 
they have never attained much commercial importance, save in Europe. 
As regards their origin, they are of two classes: In the first class may 
be included* all those which are the direct products of volcanic action, 
the material being a fine volcanic ash or dust deposited either on the 
slopes of the volcano or carried by the wind to lakes or streams in 
which the ash is deposited. This group includes the more active puzzo- 
lanic materials, its chief representatives being pozzuolana proper, san- 
torin, tosca, tetin and trass. It may be noted that in origin materials 

575 
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of this class resemble closely the granulated slags used in slag-cement 
manufacture both volcanic ashes and granulated slags being due to 
the processes of (1) fusion of a silico-aluminous material, and (2) rapid 
cooling of the resulting product by ejection into air or immersion in 
water. The second class includes a number of less important (because 
less active) hydraulic materials, such as arenes, psammites, etc., which 
are materials resulting from the decay of certain igneous rocks. 

The principal natural puzzolanic materials will be discussed sepa- 
rately, in the following order: Pozzuolana (tosca, tetin), trass, san- 
torin, arenes. 

Pozzuolana. — Pozzuolana derives its name from the little town of 
Pozzuoli, located a few miles west of Naples, at which point the material 
was first obtained by the (Ireek colonists, and at a later date by the 
Romans. The material has also been exploited at other points near 
Rome and Naples. 


Tamlk 2)15. 

Analyses ok Pozzuolana from Italy 



Sl( >2 

MaOj 

I l-VyOi 

i 

Can 

Mk<> 

! , 

N !...() ' 

I r 2 ( » 





' 


L 1 

1 


1 

AS 5S 

22 

74 

4 00 

1 07 



2 

f)2 00 

1 4 00 

1 10 00 

7 00 

0 SO 

4 

10 

7 00 

3 

4 4 r, 

15 0 I 

1 12 0 

s s 

1 7 

1 4 

4 0 

9 2 

4 

00 is 

19 

S 

5 OS 

0 05 




5 

00 91 

21 2S 

4 70 

1 90 

0 00 

1 07 

0 20 


0 

41 0 

10 5 

29 5 

10 0 

tr 

1 

00 

2 5 

7 

44 5 

15 75 

10 0 

S 90 

tr 

11 

0 

0 5 

s 

40 0 

10 5 

15 5 

10 0 

0 0 

4 

0 

5 0 

9 

4 4 5 

15 5 

12 5 

9 5 

4 4 

10 

27 

3 03 

10 i 

09 0 

1 4 0 

10 0 

IS 0 

0 0 

11 

0 


11 

50 01 

15 20 

7 11 

1 74 

1 00 

0 54 

2 84 

0 12 


1 Pozzuolana, Porno Stungcr and Blount, Mineral Industry, \ol 5, p 71 

2 “ St Paul's Ca\c8 Tlioyn, Diet \pp Churn , 3d od , \ol 1, p 475 

3 “ Crvrtu Vccchia Borther, \iial (lillnion, LiniOb, Cements, and Mortars, p 125 

4, “ Naples StaiiRoi and Blount, Mineral Industiv, vol 5, p 71 

5 “ " Stengel, Anal Zervus, School of Mines, Quart , vol 18, p 230 

(j “ Vesuvius Brown Thorpe, Diet App Cheni , 3d ed , vol 1, p 475 

7 11 ■ ' “ “ .... . . .^ c j r( ] v () ] i f p 475 

8 “ “ Dark gray Thorpe, Diet App Cheni , 3d ed , vol 1, p 475. 

0 ‘ ' “ Litfht gray Thorpe, Diet App Cheni , 3d ed , vol 1, p 475. 

10 Lava, Vesuvius, 1808 Thorpe, Diet App Chern , 3d ed , vol 1, p 475 
11. TutT, Monte Nuova Merrill, Rocks, Rock Weather inf? and Soils, p 141 


Most of the Italian pozzuolana is obtained from small open cuts, 
or pits, though some of these workings are now of great depth. Those 
of Trentaremi, for example, are about 600 feet deep. The various 
deposits differ greatly in the quality of the materials obtained from 
them. Care should therefore be exercised in selecting a spot for exploita- 
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tion, and sorting of the material dug would he advisable in order to 
keep the product of uniformly high grade. After extraction the mate- 
rial is screened and ground. In addition it is occasionally slightly 
roasted, which process increases its hydraulic properties. Carelessness, 
both in the mining and in the later preparation of the pozzuolana, 
has brought the Italian article somewhat into disrepute among Euro- 
pean engineers. ' In consequence it is losing ground with respect both 
to pozzuolana from the Azores and to trass from Rhenish Prussia. 

Pozzuolana is also obtained at a number of localities in southeastern 
France. These localities occur mostly in three areas: (1) in the 
Auvergne Mountains, lying in the Departments of Puy de D6me and 
Cantal; (2) in the Mountains du Vivarais, between Haute Loire and 
Ard&ihe; and (3) in the Department of l’Hcrault, near the (lulf of 
Lyons. 


Tahle 230. 


Analysts of Pozzcolwa hiom I’wwck 



l 

2 



5 

0 

7 

Silica (SiO,) 

47 9 

47 1 

46 05 

48 0 

35 09 

30 73 

38 50 

Alumina (A1 2 0 3 ) . . . 

\ 34 2 

39 0 

17 0 

l 4 / 

17 65 

11 63 

18 35 

Iron oxide (Fe 2 0 3 ) . . 



20 55 

/ 0 1 

16 82 

24 92 

14 90 

Lime (CaO) 

8 2 

7 0 

8 55 

8 10 

4 26 

3 73 

8 70 

Magnesia (MgO) 

3 9 

tr 

tr 

tr 

3 17 

2 49 

i tr 

Alkalies {K 2 0,Na 2 0).. 

2.6 

4 7 

6 35 

4 8 

n d 

n d. 

| 7 30 

Water (1LO) 

3.2 

2 2 

1 6 

2 4 

19 06 

19 02 

I 7 75 


1 Auvergne Mountains black Thorpe, Diet App Chem , vol 1, p 475 

2 " “ reddish-brown Thorpe, Diet App Chem , vol 1, p 475 

3 “ “ brick-red Thorpe, Diet App Chem , vol 1. p 475 

4 “ “ Gravenv^re Thorpe, Diet App Chem , vol 1, p 475 

5 Vivarais Mountains, gray Vieat, unalvst 

0 “ “ brown Vieat, analyst 

7 Department of l’H^rault, brown Vieat analyst 


Pozzuolana has been shipped from San Miguel and Terceira in the 
Azores, to Portugal for over a hundred years, and has been used with 
very satisfactory results in many important buildings, harbor works, etc. 
The Azores pozzuolana varies in color from yellowish to brownish, and 
sometimes to grayish. It is frequently so fine-grained as not to require 
screening or grinding before -use. A reddish colored variety from the 
same islands is termed tetin. 

A similar ash, locally called “tosca,” is obtained from Teneriffe, 
one of the Canary Islands, and shipped to Spain for use as a cementing 
material. 
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Table 237. 

Analyses of Pozzuolana from the Azores Islands. 



1 

2 

3 

Silica (Si() 2 ) 

60 90 

54 70 

57 73 

Alumina (A1 2 0 3 ) 

11 14 

20 50 

13 81 

Iron oxide (Fe^O») 

12 78 

6 30 

12 02 

Lime (CaO) 

2 57 

2 20 

3 74 

Magnesia (MgO) 

1 45 

1 70 

1 73 

Potash (K 2 0 

2 64 | 

| 2 20 | 
12 40 

3 21 

Soda (Na 2 0) 

Water (ILO) 

2 74 

5 78 

2 76 

4 66 


1 From St Miguel — Tetin Zorvas, analyst School of Mines Quarterly, vol IS, p 230 

2 “ “ — Pozzuolana Chateau, analyst School of Mines Quarterly, vol IS, p 230 

3. “ Tcrceira. Zcrvus, analyst. School of Mines Quarterly, vol. 18, p 230 


Volcanic materials of a type somewhat different from normal pozzuo- 
lana occur on rile Bourbon, a French island lying about 400 miles east 
of Madagascar. 


Analysts of Volcanic Ash, Ile Bourbon 


Silica (Si0 2 ) 

25 67 

Alumina (Al 2 O lt ) 

16 33 

Iron oxide (Fe 2 0 3 ) 

40 00 

Magnesia (MgO) 

tr 

Water (Il 2 (» 

17 00 


Trass. — Trass is a pale yellowish to grayish rock, rough to the feel, 
composed of an earthy or compact pumiceous dust mixed with fragments 
of pumice, trachyte, carbonized wood, etc. It is, so far as origin is 
concerned, an ancient volcanic mud. Trass occurs along the Rhine 
in Rhenish Prussia, from Koln on the north to Coblenz on the south. 
The towns of Brohl, Kruft, Plaidt, and Andernach, all located north- 
west of Coblenz and within fifteen miles of that city, are prominent 
points in connection with the trass industry. A series of analyses of 
trass and related products is given in Table 238. c 

Santorin. — The island of Santorin, or Thera, is one of the most 
southeasterly of the islets of the Grecian Archipelago, lying in the 
Cyclades group. An ash called in commerce “ santorin,” derived from 
the volcano of the same name, is quite extensively shipped for use 
as a cementing material. 
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Table 238. 

Analyses of Trass and Related Materials from Germany. 



Si0 2 

ai 2 o 3 

Fo 2 0 3 

Oa<> 

MgO 

K,(> 

NaoO 

II 2 0 

1 

46 25 

20 71 

5 48 

2 15 

1 (X) 

6 30 

9 25 

2 

46 6 

£0 6 

12 0 

3 0 


5 

0 

12 8 

3 

48 94 

18 95 

12 34 

5 41 

2 42 

0 37 

3 56 

11 94 

4 

53 07 

18 28 

3 43 

1 24 

1 31 

4 17 

3 73 

12 78 

5 

53 58 

19 11 

9 21 

3 21 

0 30 

4 84 

1 87 

7 50 

G 

54 0 

16 5 

6 1 

4 0 

0 7 

10 

0 

7 0 

7 

55 28 

17 31 

3 90 

3 17 

0 87 

4 70 

3 80 

10 63 

8 

57 0 

16 0 

5 0 

2 6 

1 0 

7 0 

1 0 

9 6 

9 

57 5 

10 1 

3 9 

7 7 

1 1 

6 

1 

12 6 

10 

58 32 

20 88 

1 15 

2 19 

1 10 

3 91 

4 11 

5 87 

11 

61 10 

12 70 

10 20 

8 10 

1 90 

2 10 

2 10 

1 40 

12 

59 10 

22 70 

2 50 

3 10 

0 80 

3 50 

2 80 

4 80 

13 

60 19 

10 95 

9 37 

3 12 

1 43 

3 

40 

1 33 

14 

62 83 

21 55 

4 11 

0 72 

0 12 

3 35 

3 02 

4 19 

15 

66 39 

17 71 

1 97 

0 53 

0 47 

3 05 

1 91 

4 89 

16 

67 60 

11 30 

5 20 

8 20 

2 80 

0 60 

0 50 

3 10 


1 Trass Rhenish Thorpe, Diet App C’hom , dd (‘<1 , v<»] 1, p 17.'> 

2 “ Dutch Thorpe, p 17A 

3 “ Andernach Thorpe, p 47o 

4 “ Plaidt von Dec-ken, Ana] Zirkel, Lehrhueh dor Petrographic, I JS04, vol 3, p 678 

5 “ “ Zervas, Anal Zorvas, School of Mines Quart , vol 18, p 230 

0 , " Andornaoh Chatoney and Ht vol. Anal Zirkel, p f>78 

7 “ Kruft Mongerschausen, Ana! Zervas, p 320 

8 " Brohl Borthier, Anal, Gillnmre, Limes, Cements, and Mortars, p 125 

9 “ Andernach Chatoney and Rivol, Anal Zirkel, p 078 

10 “ Brohl Bruhus, Anal Zirkel, p 078 

11 “ “ Kyll, Anal Zervas, p 320 

12 Trachyte tuff Siobcngebiigc, Kvll, Anal Zervas, p 320 

13 “ “ Laacher See Mori ill, Hocks, Rook Weathering and Soils, p 141. 

It “ “ Siebongcbirgo Bischof, \ rial Zirkel, p 075 

15 “ “ “ von dor Marek, Anal Zirkel, p 075 

10 Leucite tuff, Weibern. Kyll, Anal Zervas, p 320 


Table 239. 


Analyses of Santouin Ash, from Santouin 



l 


a 

4 

Silica (iSi() 2 ) 

72 84 

71 41 

63 07 

66 37 

Alumina (A1 2 0 3 ) 

12 26 

1 9 87 

15 67 

13 72 

Iron oxide (Fc-A) 

1 35 

3 84 

8 73 

4 31 

Lime (CaO) 

2 55 

2 61 

3 83 

2 98 

Magnesia (MgO) 

1 58 

1 81 

1 93 

1 29 

Potash (K 2 0) 

1 28 

1 86 

1 87 

2 83 

Soda (Na 2 0) 

2 65 

3 71 

3 86 

4 22 

Water (H 2 OV 

2 25 

4 61 

1 14 

4 06 


1 Pumiceous portion Feichtinger, analyst 

2 Fine ash 

3 Obsidian particles 
4. Average sample 


Thorpe, Diet App Chem , vol 1, p 476 

“ “ ‘ “ vol 1, p 476 

“ “ “ “ vol 1, p 476 

School of Mines Quarterly, vol 18, p 230 


Arenes, etc— The materials called “ arenes ” by early French writers 
on cement technology are sands and residual material derived from 
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the decay of various igneous rocks, and particularly from the decay of 
the more basic rocks, such as trap, basalt, etc. Such materials will 
naturally vary greatly in composition and properties, but all of them 
agree in possessing feeble hydraulicity. For present-day commercial 
purposes they are practically worthless. 


Table 240. 

Analyses of ArAneh, France. 



l 

2 

.i ■ 

i 

5 

Silica (Si() 2 ) 

38 54 

(X) 33 

42 10 

38 50 

60 30 

Alumina (Al 2 O t ) 

20 00 

21 43 

23 65 

29 40 

23 70 

Iron oxide (Fe 2 () 3 ) 

12 (X) 

8 57 

22 47 

18 10 

10 30 

Lime (CaO) 

8 00 1 

\ 6 69 1 

tr. 

2 00 

tr 

Magnesia (MgO) 

n d 



2 50 

Alkalies (K 2 0,Na 2 0) 

n d 

n d 

1 28 

1 50 

3 20 


1 Lime carbonate (CaCOa) 

1 Saint Astier, Department Dordogne Vieat, analyst 

2 Brest Vieat, analyst 

2 Saint Servan Vieat, analyst 

4 

5 Chateaulm " “ 

As might be inferred from the examples given, natural materials 
showing slightly hydraulic properties are not of rare occurrence. With 
the exception of trass, santorin and pozzuolana proper, these materials 
are rarely sufficiently hydraulic to be of service as bases for puzzo- 
lan cements or mortars. The feebly hydraulic materials have, how- 
ever, a practical value which may be noted briefly here. It is — that, 
owing to the fact that they are hydraulic, they can be profitably sub- 
stituted in places where they occur for common sand in mortar. 

Chelius has tested * the fine material remaining after the crushing 
of basalt in an ordinary stone-crusher. This fine material (dust and 
screening) gave the following results as compared with normal sand: 


Table 241. 


Strength of Basaltic Dust 




Tension 


Compression 


2S Dn vs 

90 Da>s 

1 Year 

28 Days 

90 bays 

1 Year 

Cement and normal sand 

Cement and basalt fines 

Lime and normal sand . 

Lime and basalt fines 

6 3 

7 7 

20 9 

13 6 

8 5 

11 1 

14 2 
44 9 

237 7 
320 8 

35 8 

67 8 


* Journ. Soc Chem Ind , vol 19, p 826. 
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Part of the superiority, as shown by these tests, of the basalt dust 
to normal sand is probably due to purely physical causes. In part, 
however, it is probably due to the fact that the finely crushed basalt 
acted as a puzzolanic material. 

Range of average composition of natural puzzolanic materials. — 

From the separate tables of analyses given in preceding paragraphs 
the following table of average analyses have been prepared; 


Table 242. 


Average Analyses of Natural Puzzolanic Materials 



Pozzuo- 

ltiim, 

Italy 

Pozzuo- 

lana, 

Ei unco 

Pozzilo- 

lana, 

\ZOICH 

Tia.su, 

(icr- 

mmiv 

Stm- 
tDi in 

\veniKP 

Natural 

Pozzo- 

lamc 

Material 

Number of analyses 

9 

7 

3 

11 

l 

31 

Silica (Si0 2 ) 

50 9K 

41 91 

57 78 

53 78 

00 37 

51 08 

Alumina (Al 2 O,0 

15 55 

10 10 

15 15 

17 38 

13 72 

10 30 

Iron oxide (FeA.O 

11 41 

19 30 

10 37 

0 89 

4 31 

11 13 

Lime (CaO) 

7 39 

0 93 

2 84 

3 89 

2 98 

5 40 

Magnesia (MgO) 

1 9(5 

1 37 

1 03 

1 17 

1 29 

1 50 

Alkalies (K 2 0,Na2()) 

f> 03 

5 15 

1 52 

0 82 

7 05 j 

0 21 

Water (HA) 

5 09 

7 89 

7 01 

9 22 

1 

4 00 

7 04 


Puzzolanic materials in the United States.— -Volcanic ash and other 
materials which may be expected to show puzzolanic action occur 
extensively in the western United States, but few tests appear to have 
been made of their hydraulic properties. 

Mr. J. S. Diller, in a recent description * of the mineral resources 
of the Redding district of California, has noted that a “ tuff, bordering 
the northern end of the Sacramento Valley, is very like the trass of the 
Rhine Valley. This is especially true of that on Stillwater, near the 
Copper City road, or east of Millville, and at a number of points on the 
western side of the Sacramento Valley. The limestone and the tuff 
are at several places within a few miles of each other, and there is reason 
to believe Jhat a good quantity of hydraulic cement may be made from 
them within convenient reach of the railroad. This matter is of impor- 
tance in the construction of large dams for irrigation or water-power 
in the Redding region. Similar volcanic products occur in Arizona, 
and have been used locally as puzzolanic materials. 

* Bulletin 225, U S Geological Survey, p 177, 1904. 
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Artificial Materials. 

Blast-furnace slag is by far the most prominent of the artificial 
materials. Other artificial materials have, however, been used for this 
purpose, burnt clay being one of the better known of these minor 
products. 

Burnt clay. — The following recent note * is of interest in the present 
connection. 

“ Mortar composed of lime and burnt clay was used extensively in 
constructing the Asyfit Barrage completed in 1902, across the Nile, 
and described in detail in a paper by Mr. George Henry Stephens, M. 
Inst. C. E., to the institution of Civil Engineers on March 15, 1904. 
After being burnt the clay was ground and passed through a 100-mcsh 
sieve. The best results were had with a clay burnt to a light terra-cotta 
color as compared with clay burned brick-red and clay burned dark 
red to purple. The ground (day was mixed with slaked lime and sand 
was added to form a mortar. The following are the results of long- 
time tensile tests made with various mixtures moulded into standard 
briquettes kept in water after twelve hours in air 


Table 243. 

Strength of Lime — Burnt-clay Mortars 


Mixtuie 

by 

Volume 

A«e 1 Year 

Pounds per 
Squill e 
Ineti 

Ane 2 Veins 

Pounds per 
Squixi e 
Incli 

3 clay 

) Maximum 

400 

Maximum 

410 

2 lime 

/ Average of 52 samples 

272 

Average of 50 samples 

320 

1 clay 

1 Maximum . . 

305 

Maximum 

350 

1 lime 

/ Average of 38 samples 

239 

Average of 25 samples 

291 

! clay 

1 Maximum 

320 

Maximum . . 

376 

1 lime 

I sand 

j Average of 37 samples 

259 

Average of 55 samples.. . 

280 


Blast-furnace slags. — Slags, according to the general use of that 
term, are the fusible silicates formed during metallurgical operations 
by the combination of the fluxing materials with the gangutfof the ore. 
The composition of the slag, therefore, depends upon the character 
and relative proportions of the gangue and the fluxes. The slag will, 
in general, contain only those elements present in either gangue or 
flux; though it may contain also a percentage, usually small, of the 
* Engineering News, vol. 53, p 177 Feb 16, 1905 
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metal which is being reduced, and its composition may, in some processes, 
be slightly modified by the presence of the elements taken up from the 
fuel. The slags or “ cinders ” obtained in refining the metals differ 
from the normal slags in that they may contain a very appreciable 
percentage of metal, sufficient in many cases to justify further treat- 
ment of the slag in order to recover i{s metallic contents. As this utili- 
zation of such slags is entirely a metallurgical operation, they will not 
be further discussed in the present volume. 

While many elements may occur in slags, those which are of universal 
or even common occurrence are relatively few. The slags most com- 
monly formed are silicates, consisting essentially of silica, oxides of the 
alkaline elements, and certain metallic oxides, these last, with the 
exception of alumina, being usually present in small quantity only. In 
certain metallurgical operations, however, the percentage of metallic 
oxides may rise so as to make them important ingredients in the slag. 
According to the processes, ores or fluxes used, slags may also contain 
more or less phosphoric anhydride, sulphur and fluorine. 

The particular use, or uses to which the slag from any given furnace 
may be most profitably put, will depend upon several factors. When 
considering possible utilizations, the most important factor will gen- 
erally be found to be the chemical composition of the slag. It is true 
that, for certain uses, as for example highway macadam and railroad 
ballast, the physical condition of the slag is of rather more importance 
than its chemical composition; but the two utilizations named are 
among the less profitable, and are only to be considered when the slag 
cannot be disposed of more profitably. Local conditions, under which 
head may be grouped questions of furnace management, possible mar- 
kets, and transportation routes and charges, will be found to be of great 
economic importance. These factors are, however, too variable to be 
discussed in the present volume, with one exception. The exception 
noted is the effect of slag utilization upon the general furnace manage- 
ment. The furnace manager who is endeavoring to profitably utilize 
his slag will often find it necessary to consider how far he may econom- 
ically go in changing details of his main process in order to increase the 
value of his by-product. This is particularly the case where the slag is 
used for cement. 

Blast-furnace slags of certain types have been used extensively 
in Europe, and to a less extent in the Jnited States, in the manufacture 
of slag cement. The following chapters will therefore be devoted to a 
discussion of the materials, manufacture and properties of slag cements. 



CHAPTER XL. 


SLAG CEMENT REQUISITES AND TREATMENT OF THE SLAG. 

Slag cement is at present by far the most important member of the 
group of puzzolan cements, so that its manufacture will be described 
in some detail. 

Summary of general methods of manufacture. — Slag cement is com- 
posed of an intimate mechanical mixture of slaked lime and granu- 
lated blast-furnace slag of suitable chemical composition; both mate- 
rials being finely pulverized before, during or after mixing. The process 
of manufacture includes the granulating and drying of the slag, the 
slaking of the lime, the mixing of these materials, and the grinding 
of the resulting cement, together with any means which may be employed 
for the regulation of the setting time of the cement. 

These different factors in the manufacture will be described in the 
order named above. In the present chapter, the character and treat- 
ment of the slag will be taken up. 

Composition of the Slag. 

Requisite chemical composition of slag. — The slag used in cement- 
manufacture must be a basic blast-furnace slag. Tetmajer, the first 
investigator of slag cements, announced as the results of his experi- 
ments (a) that the hydraulic properties of the slag increased with the 
proportion of lime contained in it, and that slags in which the ratio 
CaO 

was so low as to approach unity were valueless for cement-manu- 

01O2 

facture; ( 6 ) that, so far as the alumina content of the slag was con- 
cerned, the best results were obtained when the ratio ^y - gave a value 

of 0.45 to 0.50; and (c) that with any large increase of alumina above 
the amount indicated by this value of the alumina-silica ratio, the ten- 
dency of the cement to crack (when used in air) was increased. 

Prost, at a later date, investigated the subject, using for experi- 
ment several commercial slags and also a series prepared from pure 
CaO, Si 02 , and AI 2 O 3 . He decided that the hydraulic properties (both 

584 
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as regards rapidity of set and ultimate strength) of the slag increased 
as the proportions of lime and alumina increased; and failed to find 
any indication that a high alumina content causes disintegration. His 
best results were obtained from slags having the compositions respect- 
ively of 2 Si 02 , AI 2 O 3 , 3 CaC> 3 , and 2Si0 2 , A1 2 0 3 , 4CaO. 

Mahon, in 1893, made a series of experiments to determine the value 
(for cement-manufacture) of a large series of the slags produced by 
the furnaces of the Maryland Steel Company: and found that the slags 
giving the best results were two having respectively the following com- 
positions: 

( 1 ) Si0 2 , 30%; AI 2 O 3 , 17%; CaO, 47.5%; S, 2.38%; and Si0 2 , 
25.3%; AI 2 O 3 , 20.1%; CaO, 48%; S, 3.63%. 


The ratios of ~~ and calculated for these slags are: 
S1O2 S1O2 


«> is- 1 - 58 ' 


=0.57; and (2) ~ “=1.9; 
S 1 O 2 


AI2O3 


= 0.79. 


AI2O3 

— = v-/ si()2 —I Si( ) 2 

At the close of the experiments Mahon recommended that slags 
be used slightly higher in alumina than those above quoted. 

Composition of slags actually used. — The specifications under which 
slag from the furnaces was accepted by the cement department of the 
Illinois Steel Company were: 

(1) Slag must analyze within the following limits: 

Si0 2 +Al 2 0 3 not over 49%; AI 2 O 3 , from 13 to 16%; MgO, under 


4%. 

(2) Slag must be made in a hot furnace and must be of a light-gray 
color. 

(3) Slag must be thoroughly disintegrated by the action of a large 
stream of cold water directed against it with considerable force. This 
contact should be made as near the furnace as is possible. 

A series of over 300 analyses of slags used by this company in their 
slag (puzzolan) cement, show the following range in composition: 

Si0 2 , 29.60 to 35.60%; A1 2 0 3 , and Fe 2 0 3 , 12.80 to 16.80%; CaO, 
47.99 to 50.48%; MgO, 2.09 to 2.81%. 

The requirements of the Birmingham Cement Company as to the 
chemical composition of the slags used for cement arc: that the lime 
content shall not be less than 47.9 per cent; that the silica and lime 
together shall approximately amount to 81 per cent; and that the 
alumina and iron oxide together shall equal from 12 to 15 per cent. 

Analyses of a number of slags used in slag-cement manufacture are 
shown in Table 244. The analyses of foreign slags are quoted from 
various reliable authorities and the analyses of the Illinois Steel Com- 
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pany slags have beens elected from a large series published in the 
report of the U. S. Army Board of Engineers to show the extreme 


ranges of the different elements. The ratios and have 

S1O2 S1O2 

been calculated for each slag and arc shown in this table. 


* Table 244. 

Analyses of Slabs Used foh Slab Cement 





Harzb’g, 







Compo- 

nents 

Middlesboro, 

England. 

Germany 
(used at 

Belgium 

Bilbao, Spain 

Chiondez, Switzerland 




wick) 







Si0 2 . 

30 00 

31 50 

30 72 

32 51 

32 90 

38 00 

26 88 

27 33 

26 24 

AL0 3 . 

28 00 

18 56 

16 40 

13 19 

13 25 

10 00 

24 12 

23 81 

24 74 

FeO. 

0 75 


0 43 

0 48 

0 46 


0 44 

0 63 

0 49 

Cat) 

32 75 

42 22 

48 59 

44 75 

47 30 

46 00 

45 11 

45 83 

46 83 

MgO. 

5 25 

3 18 

1 28 

2 20 

1 37 


1 09 

0 92 

0 88 

CaS . . 

1 90 


2 16 

4 90 

3 42 


1 80 

1 34 

0 59 

CaS0 4 

S0 2 


0 45 






0 17 

0 32 

S . . . 


2 21 








Mn() 2 

6 60 

0 44 

tr. 

0 00 

1 13 


0 50 



CaO . 

} 1 09 

1 34 

1 58 

1 37 

1 41 

1 21 

1 68 

1 67 

1 78 

Si() 2 

J 








A1 2 0 3 

SiO* 

| 0 93 

0 59 

0 53 

0 43 

0 41 

0 27 

0 89 

0 87 

0 93 

Compo- 

nents 

Saul nos, 

Fianre 

Marimval (used at 
Donjeux) 

Pont-a- 

Mousson 

Chicago, 111 

Si0 2 . . 

31 65 

31 50 

28 35 

28 00 

32 00 

32 20 

33 10 

31 80 

34 30 

A1 2 0 3 

17 00 

16.62 

18 15 

19 5 

22 0 

15 50 

12 60 

14 80 

14 76 

FeO . 

0 65 

0 62 

1 50 

' ( 

4 00 + 
MgO 





CaO 

47 20 

46 10 

47 40 

45 0 

42 00 

48 14 

49 98 

49 74 

48 11 

MgO. 

1 36 


2 45 


See FeO 

2 27 

2 45 

2 29 

2 66 

S . . 



1 40 







MnO*. 

0 85 









CaO . 

sio;... 

} 1.49 

2 46 

1.67 

1 61 

1.31 

1.49 

1.51 

1.56 

1.40 

Aba.. 

| 0 53 

0 52 

0.64 

0 69 

0 68 

0 48 

0.38 

0.46 

0.43 

Si0 2 .. 









From these data it can be seen that the ratio of alumina to silica 
is carried very high at Choindez, and is rather low at Chicago, rela- 
tively to most of the European plants. It must be remembered, how- 
ever, that one reason for carrying a high alumina-silica ratio does not 
apply at Chicago, as there rapidity of set is gained by the use of the 
Whiting process. Taking these two plants as representative of the 
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best European and American practice, the average of the analyses 
given shows the ratios actually used to be: Choindez, Switzerland, 

^ = 1.71, ™?=0.90; and Chicago, 111., ^--1.4)), =0.44. 

Sl(>2 SlU2 S 1 O 2 S 1 O 2 

These results may be compared with the theoretical ratios advised 
by Tctmajcr, frost, and Mahon, and discussed on a previous page of 
the present Chapter. 

Selection of slags. — The erection of a slag-cement plant in connec- 
tion with any given furnace is not justified, unless a sufficient amount 
of the slags usually produced will fall within slag-cement requirements, 
as these requirements have been outlined above in the section on chem- 
ical composition of the slag. In a large plant it will usually be easy 
to secure a constant supply of slag of proper composition without inter- 
fering with the proper running of the furnaces. In a small plant, how- 
ever, or in one running on a number of different ores, such a supply 
may be difficult to obtain. These points, of course, should be settled 
in advance of the erection of the cement-plant. 

In the case of any given furnace running on ores and fluxes, which 
are fairly steady in composition and proportions, the selection of the 
slag used for cement-making may be largely based on its color, checked 
if necessary by rapid determinations of lime. The darker-colored slags 
are generally richest in lime, except when the depth of color is due to 
the presence of iron; the lighter-colored slags are usually higher in 
silica and alumina. Oandlot states further* in this connection that 
the slag issuing at the commencement and toward the end of a discharge 
should be rejected because of the air-chilling which attends its slow 
movement. 


Granulating the Slag: Methods and Effects. 

Assuming that a slag of proper composition has been selected, the 
first step in the actual manufacture of slag cement will be the “ granu- 
lation ” of the molten slag. Granulation is the effect produced by 
bringing molten slag into contact with a sufficient amount of cold water. 
The physical effect of this proceeding is to cause the slag to break up 
into pordus particles (“ slag sand ”). Granulation has also certain 
chemical effects, highly important from an economic point of view, 
which will be discussed later. 

Methods of granulating the slag. — The success of the granulation 
depends on bringing the slag into contact with the water as soon as 
* Ciments et chaux hydrauliques 
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pany slags have beens elected from a large series published in the 
report of the U. S. Army Board of Engineers to show the extreme 


ranges of the different elements. The ratios and have 

S1O2 S1O2 

been calculated for each slag and arc shown in this table. 


* Table 244. 

Analyses of Slabs Used foh Slab Cement 





Harzb’g, 







Compo- 

nents 

Middlesboro, 

England. 

Germany 
(used at 

Belgium 

Bilbao, Spain 

Chiondez, Switzerland 




wick) 







Si0 2 . 

30 00 

31 50 

30 72 

32 51 

32 90 

38 00 

26 88 

27 33 

26 24 

AL0 3 . 

28 00 

18 56 

16 40 

13 19 

13 25 

10 00 

24 12 

23 81 

24 74 

FeO. 

0 75 


0 43 

0 48 

0 46 


0 44 

0 63 

0 49 

Cat) 

32 75 

42 22 

48 59 

44 75 

47 30 

46 00 

45 11 

45 83 

46 83 

MgO. 

5 25 

3 18 

1 28 

2 20 

1 37 


1 09 

0 92 

0 88 

CaS . . 

1 90 


2 16 

4 90 

3 42 


1 80 

1 34 

0 59 

CaS0 4 

S0 2 


0 45 






0 17 

0 32 

S . . . 


2 21 








Mn() 2 

6 60 

0 44 

tr. 

0 00 

1 13 


0 50 



CaO . 

} 1 09 

1 34 

1 58 

1 37 

1 41 

1 21 

1 68 

1 67 

1 78 

Si() 2 

J 








A1 2 0 3 

SiO* 

| 0 93 

0 59 

0 53 

0 43 

0 41 

0 27 

0 89 

0 87 

0 93 

Compo- 

nents 

Saul nos, 

Fianre 

Marimval (used at 
Donjeux) 

Pont-a- 

Mousson 

Chicago, 111 

Si0 2 . . 

31 65 

31 50 

28 35 

28 00 

32 00 

32 20 

33 10 

31 80 

34 30 

A1 2 0 3 

17 00 

16.62 

18 15 

19 5 

22 0 

15 50 

12 60 

14 80 

14 76 

FeO . 

0 65 

0 62 

1 50 

' ( 

4 00 + 
MgO 





CaO 

47 20 

46 10 

47 40 

45 0 

42 00 

48 14 

49 98 

49 74 

48 11 

MgO. 

1 36 


2 45 


See FeO 

2 27 

2 45 

2 29 

2 66 

S . . 



1 40 







MnO*. 

0 85 









CaO . 

sio;... 

} 1.49 

2 46 

1.67 

1 61 

1.31 

1.49 

1.51 

1.56 

1.40 

Aba.. 

| 0 53 

0 52 

0.64 

0 69 

0 68 

0 48 

0.38 

0.46 

0.43 

Si0 2 .. 









From these data it can be seen that the ratio of alumina to silica 
is carried very high at Choindez, and is rather low at Chicago, rela- 
tively to most of the European plants. It must be remembered, how- 
ever, that one reason for carrying a high alumina-silica ratio does not 
apply at Chicago, as there rapidity of set is gained by the use of the 
Whiting process. Taking these two plants as representative of the 
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tion at this end of the trough of a 3-inch water-pipe. Slag from the 
furnace flows through the trench and into the trough, which is set at 
an inclination of about 1 inch in 10. Water is injected through the 
3-inch pipe, under 10 or 15 feet head, into the trough. If enough 
water is used, the slag will be granulated as soon as it enters the trough, 
and will be readily carried down it into the car below, rarely flowing 
with a greater depth than 6 inches in the trough. If insufficient water 
is used the slag puffs up and fills the trough, so that the slag-mass has 
to be broken into with an iron rod and pushed along. 

The car into which the slag flows is provided with four 3-inch holes 
in its sides, to allow the surplus water to escape. 

At another slag-cement plant recently visited by the writer, the 
granulated slag is caught in cylindrical masonry tanks, 15 feet in 
diameter and 10 feet in depth. The stream of molten slag flows from 
the furnace to and over the edge of the tank and through a semi-circular 
trough about 10 inches in diameter, which enters the tank at its top 
rim and projects 6 inches over the edge. About 0 inches below the 
bottom of this trough a pipe, carrying cold water under slight pressure, 
enters the tank, projecting into it for 4 inches. This pipe is 3 inches 
in diameter for most of its length, but the portion projecting into the 
tank is flattened so as to give an orifice 4 or 5 inches wide and about 
half an inch high. The stream of slag, flowing slowly along the trough 
and over the edge of the tank, is struck by the jet of cold water from the 
pipe, and is granulated. The granulated slag is taken from the tank by 
bucket elevators running continuously. 

Effects of granulating the slag. — The physical effect of causing hot 
slag to come in contact with cold water is to break the slag up into 
small porous particles. As this materially aids in pulverizing the slag, 
it is probable that granulation would be practiced on this account 
alone. But as a matter of fact, granulation has in addition to its purely 
physical result two important chemical effects. One is to make the 
slag, if it be of suitable chemical composition, energetically hydraulic; 
the other is to remove a portion of the sulphides contained in the slag 
in the form of hydrogen disulphide. 

Le Chatelier states that the hydraulic properties of granulated slag 
are due to the presence of a silico-alumino ferrite of calcium correspond- 
ing in composition to the formula 3CaO, AI2O3, 2Si(>2. This com- 
pound appears also in Portland cements, but in them it is entirely inert, 
owing to the slow cooling it has undergone. When, however, as in the 
case of granulated slags, it is cooled with great suddenness, it becomes 
an important hydraulic agent. When so cooled “it is attackable by 
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weak acids and also by alkalies. It combines particularly with hydrated 
lime in setting, and gives rise to silicates and aluminates of lime iden- 
tical with those which are formed by entirely different reactions during 



Fkj 152 

the setting of Portland cement. It is upon this property that the manu- 
facture of slag cements, which assumes daily greater importance, is 
based.” 



Fn; 153 * — Effect of granulating slag (Tct.majer ) 

Increased hydraulicity due to granulation. — The striking increase in 
the hydraulic properties of the slag when it is granulated was well 
brought out by Prost’s investigations. The following table (245), giving 
the results of tests of tensile and compressive strength of briquettes of 

* From Johnson’s “Materials of Construction,” p. 190. 
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tion at this end of the trough of a 3-inch water-pipe. Slag from the 
furnace flows through the trench and into the trough, which is set at 
an inclination of about 1 inch in 10. Water is injected through the 
3-inch pipe, under 10 or 15 feet head, into the trough. If enough 
water is used, the slag will be granulated as soon as it enters the trough, 
and will be readily carried down it into the car below, rarely flowing 
with a greater depth than 6 inches in the trough. If insufficient water 
is used the slag puffs up and fills the trough, so that the slag-mass has 
to be broken into with an iron rod and pushed along. 

The car into which the slag flows is provided with four 3-inch holes 
in its sides, to allow the surplus water to escape. 

At another slag-cement plant recently visited by the writer, the 
granulated slag is caught in cylindrical masonry tanks, 15 feet in 
diameter and 10 feet in depth. The stream of molten slag flows from 
the furnace to and over the edge of the tank and through a semi-circular 
trough about 10 inches in diameter, which enters the tank at its top 
rim and projects 6 inches over the edge. About 0 inches below the 
bottom of this trough a pipe, carrying cold water under slight pressure, 
enters the tank, projecting into it for 4 inches. This pipe is 3 inches 
in diameter for most of its length, but the portion projecting into the 
tank is flattened so as to give an orifice 4 or 5 inches wide and about 
half an inch high. The stream of slag, flowing slowly along the trough 
and over the edge of the tank, is struck by the jet of cold water from the 
pipe, and is granulated. The granulated slag is taken from the tank by 
bucket elevators running continuously. 

Effects of granulating the slag. — The physical effect of causing hot 
slag to come in contact with cold water is to break the slag up into 
small porous particles. As this materially aids in pulverizing the slag, 
it is probable that granulation would be practiced on this account 
alone. But as a matter of fact, granulation has in addition to its purely 
physical result two important chemical effects. One is to make the 
slag, if it be of suitable chemical composition, energetically hydraulic; 
the other is to remove a portion of the sulphides contained in the slag 
in the form of hydrogen disulphide. 

Le Chatelier states that the hydraulic properties of granulated slag 
are due to the presence of a silico-alumino ferrite of calcium correspond- 
ing in composition to the formula 3CaO, AI2O3, 2Si(>2. This com- 
pound appears also in Portland cements, but in them it is entirely inert, 
owing to the slow cooling it has undergone. When, however, as in the 
case of granulated slags, it is cooled with great suddenness, it becomes 
an important hydraulic agent. When so cooled “it is attackable by 
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Drying the Slag. 

The slag as it is brought to the cement mill from the granulating 
tanks carries from 15 to over 40 per cent of water absorbed during 
granulation. As will be noted later attempts have been made to 
utilize this contained water in the slaking of the lime, but these attempts 
have hitherto proved unsuccessful. As the manufacture is at present 
conducted, therefore, the large percentage of water carried by the slag 
is of no service, and in order to get good results from the grinding 
machinery the water must be removed as completely as possible before 
pulverization is attempted. 

Before describing the various types of driers in use, a few words 
on the general problem may be serviceable. The slag may carry, as 
above noted, from 15 to over 40 per cent of water, varying with the 
method of granulation, the fineness of grain, etc. In test runs slag 
can be thoroughly granulated without the use of more than 10 to 15 
per cent of water, but in actual practice it will usually be found that 
the granulated slag carries from 30 to 45 per cent. As the slag must 
be reduced to extreme fineness it is necessary that this moisture be 
reduced as much as possible. With a well-conducted rotary drier it 
is possible to economically reduce the percentage of moisture in the 
dried product to about one-fourth of one per cent. 

The temperature to which the product is carried in drying is not 
a matter of serious moment so long as it does not pass the point at 
which the slag begins to re-fuse. Theoretically, of course, it is neces- 
sary only to carry the temperature above 212° F., but in practice? it is 
economically impossible to keep it as low as this. It may be carried 
as high as a dull-red heat without injury to the slag. Indeed, it is 
probably the case that drying at relatively high temperatures improves 
the hydraulic properties of the slag, rather than otherwise, as it is well 
known that the natural puzzolanic materials are improved by roasting. 
It would not, therefore, be a matter of surprise if drying the slag at a 
higher temperature than is actually necessary should result in mate- 
rially accelerating the set of the resulting cement and also in increasing 
the strength of briquettes made from it. 

The Ruggles-Coles drier (see Fig. 161) consists of two‘ concentric 
hollow cylinders bolted together and revolving on an axis slightly inclined 
from the horizontal. The outside cylinder is made of steel plates, the 
longitudinal seams having butt joints with inside lapping straps. The 
inner cylinder, which is also made of steel, is connected with the outer 
cylinder at its middle by heavy cast-iron arms A solidly riveted to 
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both cylinders, while the cylinders are further connected at each end 
by two sets of adjustable or swinging arms B, which prevent the joints 
being affected by the expansion or contraction of the cylinders. At the 
head or upper end the inner cylinder projects beyond the outer cylinder, 
passing into a stationary head or air chamber E to the hot air flue I ) of 
the furnace G with which it is connected. At the lower or discharge 
end is another stationary head E forming an air chamber, through an 
opening in the bottom of which the dried material is discharged. This 
head is supplied with a. damper to regulate the temperature, which gives 
perfect control. 

The cylinders are set at an inclination of about l inch to the 1 foot. 
The outer cylinder is secured to two heavy rolled steel-bearing rings, 
which rest and revolve upon eight bearing wheels supported by oscil- 
lating arms or rockers. The lateral motion of the cylinder is taken 



up by foui thrust wheels. The drier is revolved by a cast gear // 
secured to the outer cylinder, and this is driven by a shaft and pinion 
K extended beyond the end of the machine and supported in two 
babbitted journal boxes fitted to the frame. The entire machine is 
fitted and secured to a heavy frame of 8-inch I beams braced and 
framed together and usually set on a concrete foundation. The exhaust 
fan is placed where most convenient to drive, and is connected with the 
outer cylinder by a suitable Hue L. The furnace G is built independent 
of the rest of the drier, and is connected with the head end of the inner 
cylinder by an iron flue D built with fire-brick. A specially designed 
burner is , substituted for the furnace when oil, gas, or powdered coal 
are to be used. 

The heated air passes through the inner cylinder (which is shown 
by the dotted lines in the illustration) and returns, between the inner 
and outer cylinders, to the fan. The direction of the hot-air current 
is shown by arrows. The wet raw material is fed into the space between 
the inner and outer cylinders through a spout C in the stationary 
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head at the upper end of the drier. The material is picked up by 
buckets or carriers fastened to the inner surface of the outer cylinder, 
and is carried partly around during the rotation of the drier. On 
dropping from these buckets it is caught by flights fastened to the outer 
surface of the inner cylinder. These flights carry the material partly 
around and then drop it on the outer cylinder, when they cycle of opera- 
tions commences again. While the movements of the material are 
occurring, it is being dried both by the heated-air current which flows 
through the space between the two cylinders, and. by contact with the 
warm outer surface of the inner cylinder; and it is also being carried 
slowly toward the lower or discharge end of the machine. 

The following table shows working results obtained in the use of 
the Ruggles-Colcs drier on blast-furnace slag at various slag-cement 
plants : 


Table 24G. 


Working Results of Ruggi.es-Coles Drier 


User 

Numbei 

of 

Dl 101 H 

Oi urinal 
Poroentnue 
Moisture 

Final 

PereentiiKC 

Moisture 

Water 
Evaporated 
per Hour 

Knickerbocker Cement ( \> 
Maryland Cement Co 
Birmingham Cement Co 
Southern Cement Co 
Stewart Cement Co 

1 

2 

2 

2 

3 

41 82 

20 32 

45 

40 

12 85 

0 29 

0 25 

4401 lbs 

4114 “ 

4181 “ 

4707 “ 

2271 “ 

User 


I)rv Matdml 
Delivered 
per Hour 

Coal Used 
per Hour 

Water Evaporated 
per Found 
of Coal 

Knickerbocker Cement Co 


0,399 lbs 

500 lbs 

7 87 lbs 

Maryland Cement Co 


10,173 “ 

512 “ 

7 59 “ 

Birmingham Cement. Co 


4.987 “ 

537 “ 

7 GO “ 

Southern Cement Co 


7,001 “ 

550 “ 

8 50 “ 

Stewart Cement Co 


15,108 “ 

334 “ 

0 80 “ 


The Holst drier is used at Donjeux and Mallstadt, and consists 
essentially of a sheet-iron cylinder 9 meters long and 0.8 meter in diam- 
eter, into which the slag is fed automatically by a screw feed. In the 
cylinder a helical screw revolves on a hollow central shaft, causing the 
slag to advance slowly through the cylinder. The fireplace is below 
and near one end of the cylinder and the heat is caused to pass under 
the cylinder to the other end, thence through the hollow shaft to the 
stack in a direction contrary to that in which the slag is moving. The 
cylinder is protected from the direct flame by brickwork. This appa- 
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both cylinders, while the cylinders are further connected at each end 
by two sets of adjustable or swinging arms B, which prevent the joints 
being affected by the expansion or contraction of the cylinders. At the 
head or upper end the inner cylinder projects beyond the outer cylinder, 
passing into a stationary head or air chamber E to the hot air flue I ) of 
the furnace G with which it is connected. At the lower or discharge 
end is another stationary head E forming an air chamber, through an 
opening in the bottom of which the dried material is discharged. This 
head is supplied with a. damper to regulate the temperature, which gives 
perfect control. 

The cylinders are set at an inclination of about l inch to the 1 foot. 
The outer cylinder is secured to two heavy rolled steel-bearing rings, 
which rest and revolve upon eight bearing wheels supported by oscil- 
lating arms or rockers. The lateral motion of the cylinder is taken 



up by foui thrust wheels. The drier is revolved by a cast gear // 
secured to the outer cylinder, and this is driven by a shaft and pinion 
K extended beyond the end of the machine and supported in two 
babbitted journal boxes fitted to the frame. The entire machine is 
fitted and secured to a heavy frame of 8-inch I beams braced and 
framed together and usually set on a concrete foundation. The exhaust 
fan is placed where most convenient to drive, and is connected with the 
outer cylinder by a suitable Hue L. The furnace G is built independent 
of the rest of the drier, and is connected with the head end of the inner 
cylinder by an iron flue D built with fire-brick. A specially designed 
burner is , substituted for the furnace when oil, gas, or powdered coal 
are to be used. 

The heated air passes through the inner cylinder (which is shown 
by the dotted lines in the illustration) and returns, between the inner 
and outer cylinders, to the fan. The direction of the hot-air current 
is shown by arrows. The wet raw material is fed into the space between 
the inner and outer cylinders through a spout C in the stationary 



CHAPTER XLI. 


SLAG CEMENT: LIME, MIXING AND GRINDING 


After the slag has boon granulated and dried, as described in the 
preceding chapter, it must be mixed with a carefully slaked lime, in 
proper proportions, and the mixture must be finely ground. These 
points will be taken up first in the present chapter after which data 
on the general processes and costs of slag-cement manufacture will be 
presented. 

Composition and selection of the lime. — The lime used for admix- 
ture with the slag may be either a quicklime (common lime) or a hy- 
draulic lime. In usual American practice, and also at most European 
plants, a common or quicklime is used. At a few American, French, 
and German plants, however, limes which have more or less hydraulic 
properties are employed. Prost has carried on experiments touching 
this point and decided that the use of a hydraulic lime did not notice- 
ably increase the tensile strength of the resulting cement, but that it 
did increase the value of the product in another way. This incidental 
advantage is that slag cements made by using hydraulic lime are less 
liable to fissure and disintegrate when used in air or in dry situations 
than cement in which common quicklime is used. As above noted, 
this method of improving the product has been tried, to the writer’s 
knowledge, at only a few of the American plants. At Konigshof, Ger- 
many, the general practice at which plant is described on page 005 , a 
somewhat hydraulic lime is used, whose analysis will serve as fairly 
representative of materials of this type, though most hydraulic limes 
would run considerably higher in silica and alumina. 


Analysis of Hydraulic Lime, Konkjshof, Germany 


Silica (Si() 2 ) 

Alumina (A1 2 0 3 ) 

Iron oxide (Fe 2 0 3 ) 
Manganese oxide (Mn() 2 ) 
Lime (Cat)) 

Magnesia (MgO) 

Soda (Na 2 0) . . 

Carbon dioxide (C0 2 ) 
Moisture (H 2 0) . . . 


IVr Cent 
12 421 
2 620 

0 883 
tr 

81 546 

1 751 
0 211 
0 194 
0 425 
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The following analyses are of limes used at different slag-ccinent 
plants in the United States: 


Table 247. 

Analyses of Limes Used in American Sl\<;-ceme\t Plants 


• 

l 

2 

:i 

i 

:> | (» 

Silica (Si() 2 ) 

Alumina (AhO t ) 

Iron oxide (Fe 2 () 3 ) 

Lime (CaO) 

Magnesia (MgO) 

3 24 
| t 26 

HI 02 
n <1 

3 f>() 

3 92 

S3 20 
n <1 

1 62 

2 62 

S2 40 ! 
n d 

10 20 

3 60 

HI 33 

I 1 17 

1 

0 7H 

0 52 

OH 40 

0 10 

1 38 

0 62 

97 80 

0 18 


Of the analyses above tabulated, it will be seen that Nos. 1 to 4 
inclusive are of the semi-hydraulic type whose value has been noted. 
Analyses 5 and 6, on the other hand, are representative of the very 
pure limes used at most slag-cement plants. 

Burning the lime. — As a matter of convenience, and also to reduce 
freight charges, the limestone is burned near the quarry. The subject 
of burning the lime requires only brief mention here, as it involves no 
points of particular interest or novelty. Only two minor details demand 
notice, as affecting the value of the cement. The' first is, that the lime 
should be burned as thoroughly as possible, for unburned lumps of lime- 
stone are absolutely valueless to the cement-manufacturer, and must 
be removed before' mixing with the slag. The second point to lx* noticed 
is, that the lime should be shipped to the cement-plant, as soon as pos- 
sible after it is burned, in order to prevent any considerable* proportion 
of it from air-slaking. Air-slaked particle's, while not absolutely inert, 
are still of little value to the cement. 

Slaking the lime.— -The* granulated slag as it comes to the mill from 
the tanks to which it is carried in granulating it carries a very large 
percentage of water. The amount of water carried will vary in prac- 
tice at different plants between 25 and 50 per cent as limits. Early 
in the history of slag-cement manufacture attempts were made to 
utilize this surplus water. To this end the wet slag was mixed with 
dry unslaked lime, the expectation being that the water in the slag 
would serve to slake the lime. In practice, however, it was soon found 
that this plan was not successful. The lime was only partially— and 
very irregularly — slaked, and the mixture was not left in such a con- 
dition as to be economically handled by the pulverizing machinery. 
In present-day practice, therefore, the lime is slaked previous to being 
mixed with the slag. 
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Sieving and grinding the lime. — If lime has boon thoroughly burned 
and carefully slaked it will all be in the form of a very fine powder, much 
finer than can be obtained by any economically practicable grinding- 
machinery. In practice, however, it will be found that after slaking 
the lime has not all fallen to powder, but still contains a certain pro- 
portion of hard lumps. The degree of carefulness with which the burn- 
ing and slaking have been conducted may be roughly judged by observ- 
ing the relative proportions of lumps and powder. 

The material remaining as lumps is of three different kinds. First, 
and in greatest proportion, are fragments of limestone which have not 
been thoroughly burned in the kiln. Such unburned pieces would 
bo inert if used in the cement. Second, part of the lumps represent 
fragments of limestone which have been overturned in the kiln and 
have, therefore, partly clinkered. This is particularly likely to happen 
if the limestone contained any large proportion of silica or alumina. 
These partly clinkered lumps, being really poor-grade natural cements, 
can if pulverized do no particular harm to the slag cement, but on the 
other hand they cannot do as much good as an equal amount of lime. 
The third kind of material that may be present in lump form consists of 
fragments of well-burned lime, which, through accident or carelessness, 
have not boon well slaked. Those lumps of quicklime would, if incor- 
porated in the cement, be actively injurious. 

The preceding description and discussion of the three classes of mate- 
rial which are likely to remain as lumps in the slaked lime have been 
intentionally made detailed in order to point out an error in practice 
committed occasionally at slag-cement plants. It has been seen that 
the materials composing those lumps are of such a character as to be 
cither useless or actively injurious if used in a slag cement. It should 
be obvious, therefore, that the only rational method of treatment is 
to sieve the slaked lime and to reject entirely all the material failing 
to pass through the sieve. This is the best practice and the method 
usually followed. Occasionally, however, urged by a false idea of 
economy or by inaccurate reasoning, the manufacturer saves the mate- 
rial failing to pass the sieve, crushes it, and adds it to the cement at 
a later stage in the manufacture. 

Proportion of lime and slag. — Prost., in consequence of his experi- 
ments with various proportions of lime, advocated the proportion, to 
secure the best results, of from 35 to 40 parts of lime to 100 parts of 
slag. He also stated that the amounts of lime used in actual practice, 
for each 100 lbs. of slag were: at Choindez, 40 to 45 lbs.; at Donjeux, 
40 lbs.; at Brunswick, 33 lbs., and at Cleveland, 33 lbs. Mahon, in 
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reporting his experiments for the Maryland Steel Company, states that 
the best results were secured by the use of 25 parts of lime to 100 parts of 
slag, by weight. At another American plant the proportions used are 
20 lbs. lime to 100 lbs. slag. In the manufacture of slag brick, which 
is in reality merely a branch of the slag-cement industry, the amount 
of lime added may fall as low as 10 lbs. to 100 lbs. of slag. 

These rules’are, of course, purely empirical; and it is time that some 
better method of calculating the mixture should be presented. This, 
of course, can be accomplished by the use of the same device which 
has been previously discussed in connection with hydraulic limes 
natural cements, and Portland cements. 

Calculating the mixture.— If we determine the Cementation Index * 
of a series of representative American slag cements, such as is given 
on page 010, we will find that the value obtained ranges from about 
1.0 to 1.9. 

Accepting these values as fairly typical the information thus gained 
can be employed in devising a method for determining accurately the 
proportions in which any given slag should bo mixed with any given 
lime in order to secure a good slag cement . 

Operation 1. Slag.— Multiply the percentage of silica in the slag by 
2.S, the alumina by 1.1, and the iron oxide by 0.7, add all the products 
together. From the sum subtract the percentage of lime in the slag 
plus 1.4 times the magnesia. Call the result “ m” 

Operation 2. Limestone. — Multiply the percentage of silica in the 
unslaked quicklime by 2.8 the alumina by 1.1, and the iron oxide by 
0.7, and add the products together. Subtract this sum from the total 
percentage of lime (CaO) plus 1.4 times the magnesia. Call the result 

“ ti.” 

Operation 3. Divide 100 Xm by 1.7 Xn. The quotient , will 

1.7 n 

equal the number of parts of quicklime to be used for each 100 parts 
of slag. The factor by which n is to be multiplied is here taken as 
1.7, a very satisfactory value. Values as low as 1.0 and as high as 
1.9 would, however, give the proportions used in practice at various 
plants. 

* As previously explained in detail (pp 171-175), the Cementation Index is the 
value obtained from the formula 

(2 8X percentage silica) -f (1 IX percentage alumina) 

. -f (0 7X percentage iron oxide) 

ementation n ex (Percentage lmie) + (l 4X percentage magnesia) 
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Example— Assume that the two raw materials have the following 
composition : 


Silica (Si0 2 ) 

Slug 

32 2 

Limestone 

1 8 

Alumina (Al/L) . 

12 0 

1 2 

Iron oxide (FeO, FcjOA 

0 6 

0 4 

Lime (CaO) 

48 1 

, 94 0 

Magnesia (MgO) 

..23 

1 2 


Operation 1. Slag. 


Silica X2 8 = 32 2X2 8= 90 1G 

Alumina XI. 1 = 12 0X1 1= 13 20 

Iron oxide X0 7= 0 6X0 7 = 0 42 

103 78 

Lime XI 0 = 48 1X1 0= 48 1 

Magnesia XI 4= 2 3X1 4= 3 22 


51 32 

103 78-51 32 = in = 52 46 

Operation 2. Lime. 

Silica X2 8= 1 8X2 8= 5 04 

Alumina XI 1= 1 2X1 1= 1 32 

Iron oxide X0 7= 0 4X0 7= 0 28 


6 G4 

Lime XI 0 = 94 0X1 0= 94 00 

Magnesia XI 4= 1 2X1 4= 1 08 


95 68 

95 68 - 6 64 = a = 89 04 

Operation 3. 

ipO/rt _ 100X 52 _4B _ 5246 _ j 34 6 = parts unslaked quicklime for each 
1 7 7i 1 7X89 04 “ 151 4 \ 100 parts dry slag 

Pulverizing and mixing.— The greatest differences in practice exist 
in the processes for grinding and mixing the slag and lime. The state- 
ment has been made in several publications that the difference in 
hardness between dry granulated slag and slaked lime is so great that 
it is impracticable to pulverize them together in a continuously* operated 
mill. A number of plants, therefore, have installed small discontinuous 
mills, each of which is charged, locked, operated for a sufficient time to 
pulverize both constituents of the mixture, and discharged. The dis- 
advantages of this intermittent system are obvious and it seems espe- 
cially unfitted for American conditions. The statement that no con- 
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tinuously operated mill was able to handle the mixture seemed inherently 
improbable, in view of the great variety of material successfully han- 
dled by the modern ball and tube mills when operated continuously in 
Portland-cement practice. Several years ago I referred the question 
to a leading firm of manufacturers and was informed that nothing in 
their experience justified the unfavorable conclusion, and that their 
continuously operated tube mills had successfully pulverized mixtures 
of slag and lime. It seems probable that the most economical prac- 
tice would be to send the dried slag through a small crusher, Griffin 
mill, or ball mill, mixing the crushed slag with lime and completing 
the mixture and reduction in continuously operated tube mills. What- 
ever system of reduction is employed, it is necessary that the slag be 
dried as completely as possible, and, with modern dryers, the amount 
of moisture in the dried slag can be economically kept well below 1 per 
cent. 

In this connection it may be of service to note the results attained 
in the grinding of basic Bessemer slag (for use as a fertilizer) by the 
Pottstown Iron Company. A 2000-mm. Jensch ball mill was there 
employed. This mill consumed about 13 II. P. Its normal output 
was 20,000 lbs. in ten hours, though a maximum of 29,000 lbs. in ten 
hours had been reached on perfectly dry slag. The fineness of the 
product was such that 95 to 98 per cent would pass a 100-mesh sieve 
and 70 to 75 per cent a 150-mesh sieve. A West tube mill in use at 
an American slag-cement plant grinds 8J- barrels per hour of mix to 
a fineness of 95 per cent through 200-mesh or 10 barrels per hour to 
a fineness of 90 per cent. In doing this it uses 67 II.P., equivalent to 
power consumption of 8 H.P. hours or 6.7 II.P. hours, respectively. 

Regulation of set. — Slag cements will normally sot very slowly 
compared to Portland cements. As this interferes with their use for 
certain purposes, many attempts have been made by various treat- 
ments to reduce their setting-time. There is, unfortunately, another 
reason why the manufacturer should desire to hasten the set of his 
product. Most of the slag cements sold in this country masquerade 
as Portland, and it is desirable to the manufacturer, therefore, to make 
such of their properties as are brought out in ordinary tests or analyses 
approximate to those of true Portland cement. The set of slag cements 
can be hastened by the addition of puzzolanic materials. Of these, 
burned clay, certain active forms of silica, and slags high in alumina 
are the cheapest and most generally obtainable. The most important 
method of regulation is, in this country at least, the Whiting process, 
which is followed at two large American plants. 
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United States Patent No. 544,706, issued in 1895 to Jasper Whiting, 
covers the use of “ caustic soda, potash, sodium chloride, or equiva- 
lents or any substance of which the latter are ingredients,” added either 
as aqueous solutions or in a dry state at any stage of the process of 
slag-cement manufacture. In the specifications accompanying the 
application for this patent, the patentee states that, in the case of dry 
caustic soda the amount added will vary from 0.125 to 3 per cent, 

“ depending chiefly upon the use for which the cement is intended. ” 
The patent was subsequently conveyed to the Illinois Steel Company, 
and the process covered by it is used by that’ company in the manu- 
facture of its “ Steel Portland ” cement. A license has been issued to the 
Brier Hill Iron and Coal Company, of Youngstown, Ohio, under which 
license this company manufactures its “ Brier Hill Portland ” cement. 

The process, as practiced in the slag-cement plant of the Illinois 
Steel Company, Chicago, 111., is described as follows: The quicklime 
used is obtained from the calcination of Marblehead or Bedford lime- 
stone and carries loss than 1 per cent Mg(). On its arrival at the mill 
it is unloaded into bins, beneath which are placed two screens of differ- 
ent mesh, the coarser at the top. A quantity of lime is drawn upon 
the upper screen, where it is slaked by means of the addition of water 
containing a small percentage of caustic soda. As the lime is slaked 
it falls through the coarse screen onto the finest screen, through which 
it falls into a conveyor which carries it to a rotary drier. After heat- 
ing, the resulting slaked and dried lime is carried by elevators to hoppers 
above the tube mills, where it is mixed in proper proportions with the 
granulated slag, which has been dried and powdered. 

General Practice. — The general practice followed at a number of 
American and European slag-cement plants will now be described. 

A very recent and typical installation is shown in Fig. 156, which 
gives the plan and elevation of the slag-cement plant of the Stewart 
Iron Co., at Sharon, Pa. It will be seen that the granulated slag is 
passed through ltuggles-Coles driers, three of which are in use, and 
is then elevated to a dry-slag bin on the second floor of the mill. The 
lime is slaked in an adjoining room, and is also elevated to the second 
floor. Here the two materials are fed in proper proportions to a screw 
conveyor, which carries them to a Broughton mixer. The fnix is then 
conveyed to three West tube mills, which deliver the finished product. 
The Maryland Cement Company,* at Sparrows Point, Md., obtains the 
slag from the furnaces of the Maryland Steel Company. The slag is 
dried in Ruggles-Colcs driers, and after mixing with the slaked lime 
* Lewis, F. H. Cement Industry, p. 184. 
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10 156 —-Elevation and plan of Stewart .slag-cement plant 


(The Iron Age ) 


fications under which this slag was received, with analyses showing its 
a ua range m composition, will be found on a previous page. Afto 
g anulation and drying in a specially designed dryer the slag received 
i s preh. Binary reduction in Griffin mills. Meanwhile the lime had been 
a e as described in detail on a previous page (p. 659 ), caustic soda 
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being added to regulate the set of the product. The ground slag and 
this prepared lime were then mixed, and the mixture receives its final 
reduction in Davidsen tube mills. 

At the plant of the Birmingham Cement Company,* at Ensley, Ala., 
slag is obtained from the furnaces of the Tennessee Coal and Iron Com- 
pany, located in near-by towns. The slag is granulate^ at the furnaces. 
On arrival at the mills, carrying about 40 per cent of water, it is dried 
in Ruggles-Coles driers. Two of these, of the A2 style, are in opera- 
tion. After drying, the slag and slaked lime are. fed together to West 
ball mills, four of which are in use, and the mixture is finally reduced in 
West tube mills. 

The Southern Cement Company, at North Birmingham, Ala., dries 
its slag in a style A2 Ruggles-Coles drier. The dried slag is crushed 
in a Kent mill. After mixing with the slaked lime, the final reduction 
takes place in West tube mills. Two brands of slag cement are mar- 
keted. One, a normal slag cement, is said to average about CaO 55 per 
cent, FC 2 O 3 , AI 2 O 3 , 12 per cent, Si 02 , 27 per cent. The other brand 
is quicker setting and is said to carry about 10 per cent less CaO and 
about 10 per cent more Si 02 . 

At Skinningrove, England, slags were used of a composition varying 
between the following limits: SiOo, 30 to 32 per cent; CaO, 30 to 33 per 
cent; AI 2 O 3 , FC 2 O 3 , 25 to 28 per cent. The slag on issuing from the 
furnace was run into water; ground, before drying, under edge runners, 
and dried on iron plates in a drying chamber. The dried material was 
ground under millstones; sieved and mixed with lime (which had 
been slaked and screened) in the proportions usually of lime 33 lbs., slag 
100 lbs. The resulting cement varied in composition between the follow- 
ing limits: Si() 2 , 24 to 26 per cent; CaO, 45 to 47 per cent; AI 2 O 3 , 
F 02 O 3 , 20 to 22 per cent. 

At Vitry, France, the slag is struck by a jet of water immediately 
upon issuing from the furnace and carried by it into a masonry storage 
tank. From this tank the granulated slag is elevated and carried to 
the mill. Five driers of the style shown in Fig. 162 are employed, the 
dimensions being slightly different from those used at Choindez. After 
drying the slag is sieved, to remove the coarser particles, passed through 
six mills of different types, and again sieved. After having been thus 
reduced to the proper fineness, it is mixed with the slaked lime in ball 
mills operated discontinuously; the proportions being about 40 lbs. 
of lime to 100 lbs. of slag. 


Eckel, E C Engineering News, Jan 23, 1902 
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The slag-cement plant at Konigshof,* Germany, utilizes slag from 
the Carl-Emil furnaces. A typical analysis of this slag shows: 


Si0 2 

A1A 

FeO 

CaO 

MgO 


Per Cent 

20 29 
IS 71 

1 SO 
49 1C) 

2 45 


The more important constituents commonly vary between the 
following limits: • ’ 


Si() 2 
AW), 
CaO . 


Per Cent 

21 to 27 
17 “ 19 
49 “ 54 


The slag is granulated, dried, and ground to such fineness that all 
passes a sieve with 900 meshes per square; centimeter, and 85 per cent 
passes a sieve of 5000 meshes per square centimeter. 

The limestone is obtained from quarries at Koneprus, and is burned 
in continuous shaft kilns. Analysis of the resulting lime shows: 



Per Cent 

SiO. 

12 421 

A! A 

2 020 

FeA 

0 883 

CaO 

81 510 

MgO 

1 751 

CO. 

0 194 

Moisture 

0 425 


From this analysis it would seem probable that the lime is itself 
somewhat hydraulic. It is carefully slaked, and stored until the slaking 
is complete, after which it is screened to remove the coarser particles. 

The slag and lime arc then mixed and ground together in propor- 
tions giving a cement of the following typical composition: 



Per Cent 

Si0 2 

. . 20 81 

AlA 

. . 10 50 

Fe 2 0 3 

1 90 

CKO 

55 90 

MgO . 

1 41 

S 

0 58 

so 3 

0 91 

Loss on ignition . 

. . . . 3 50 


* Jour. Iron and Steel Inst , vol. 2, 1900, p 508. 
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The specific gravity of this cement ranges between 2.80 and 2.90. 
In all its properties it resembles other slag cements. 

Slag cement is made at the Cockerill plant * at Seraing, Belgium, 
from blast-furnace slags ranging within the following limits: 


’ Per Cent 

Si0 2 27 to 32 

Al-Oi '12“22 

CaO 49 “ 55 


The slag is granulated and dried, the latter taking place at a tem- 
perature of about 500° O., and requiring a fuel (coke) consumption of 
about 9 per cent of the weight of slag dried. The slag is grountl so as 
to all pass a sieve of 76 meshes to the inch, and leave a residue of only 
8 to 12 per cent on a sieve of 180 meshes to the inch. Grinding to this 
fineness requires 25 to 30 II. P. for the production of 450 to 800 kilo- 
grams per hour of powdered slag. Lime is burned, slaked by immer- 
sion, and stored eight to ten days, at the end of which time it is screened 
tq pass a 76-mesh sieve. It is then mixed with the slag in the propor- 
tion of 15 to 20 parts of lime to 100 parts slag. 

Costs of Manufacture. — Data regarding the cost of manufacture 
of slag cement have been recently published, f The figures quoted are 
said to have been the costs of actual manufacture some years ago at 
the plant of the Maryland Cement Company. They arc as follows, 
being based on a production of 5000 barrels per month: 


Per Darrel 

Mill force, labor and superintendence $0 160 

125 tons of coal at $3 05 per ton . 0 076 

3000 bushels of lime at $0 16 per bushel 0 100 

900 tons of slag at $0 50 per ton .... 0 090 

Repairs, $100 per month 0 020 

Oil and grease, $40 per month ... 0 007 

Contingencies.. . . ... 0 011 


$0 4(H 

Cost of administration $0 121 


$0 585 

These figures seem rather high in some respects. Fol American 
plants I should say that the average cost of manufacture should not 
be over 35 cents per barrel. 

* Eng. and Min. Jour., vol 64, pp 515-516 

f Boilleau and Lyon Cost of making slag cement. Municipal Engineering, 
vol. 26, p. 321. May, 1904. 
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This would be itemized about as follows: 

Table 248. 

Costs of Slag-cement Manufacture per Barrel 


Slag 

Mm 

0 04 

Max 

0 10 

Lime 

0 07 

0 12 

Coal \ 

0 03 

0 08 

Oil, grease, waste, etc 

0 005 

0 01 

Repairs 

0 01 

0 03 

Labor . , 

0 05 

0 08 

Superintendence, testing, ete 

0 03 

0 Of) 


0 23J 

0 17 


Several American plants have to my knowledge worked quite 
close to the minimum estimate above given. To this cost should be 
added, of course, interest on the cost of the plant. If the plant is run- 
ning steadily this item should not amount to more than two or three 
cents a barrel. 

Production of slag cement.— The slag-cement production of the 
United States began in 1895, with an output of some 12,000 barrels. 
The industry grew rapidly for a time, and by 1903 had reached an output 
of 525,896 barrels, made at eight plants. Until 1907 this position was 
held, the output of that year being the maximum recorded— 557,252 
barrels, valued at $443,998. Since that date, however, the American 
slag cement industry has fallen off rapidly, dropping to 42,678 barrels 
in 1915. A single plant located in Alabama is still (1922) engaged in 
slag cement manufacture, but its output is no longer reported separate 
from natural cement in the official statistics. The European industry, 
('specially in Germany and France, still holds about its place, but shows 
little signs of further growth. 

List of references on the manufacture of slag cement. 

Birk, A. Konigshofer slag cement. Zeits. angew. Chernie, 1900, p. 1060-1061. 
Abstracts, in Jour. Soc Cliem. Industry, vol. 19, pp. 1114-1115. 1900. 
Jour. Iron and Steel Institute, No. 2, 1900, p. 508. 

Bodmer, J. J. Mode of subdividing and special use of subdivided blast- 
furnace slag. Trans. Amer. Inst. Min. Engrs. vol. 2, pp. 81-83. 

Bodmer, J. J. Blast-furnace slag cement. Trans. Amer. Inst. Min. Engr,, 
vol. 2, pp. 83-84. 

Boilleau and Lyon. Cost of making slag cement. Municipal Engineering, 
vol. 26, p. 321. 1904. 

Bonnami, H. Fabrication et controle des chaux hydrauliques et des ciments. 
8vo, 276 pp. Paris, 1888. 
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SLAG CEMENTS- COMPOSITION AND PROPERTIES 

While slag cements are sufficiently like Portland cements to bo 
usually marketed as Portland, certain interesting differences between 
the two cements are shown on close examination. 

Identification of slag cement. — Slag cements may usually be dis- 
tinguished from Portland cements by their lighter color, inferior specific 
gravity, and slower set. They show on analysis lower lime and higher 
alumina percentages than Portlands and usually contain an appreciable 
amount of calcium sulphide. Owing to the presence of this last-named 
constituent a briquette of slag cement left for some days in water will 
show upon fracture a decided greenish tint; if it has been exposed to 
salt water, this tint will be much more marked, and the odor of hydrogen 
sulphide will be observed. Two things should be noted, however, in 
this connection. The presence of sulphides though usual is not a neces- 
sary occurrence in slag cements; and, on the other hand, sulphides are 
occasionally present in Portland cements, being formed from the sul- 
phates in case the flame of the kiln is not sufficiently oxidizing. Another 
chemical difference between the two types of cement is in the high “ loss 
on ignition ” shown by slag cements. This loss, which may range from 
4 to 8 per cent, is due largely to the water carried by the slaked lime. 

Chemical Composition of Slag Cements. 

The ultimate composition of a sample of slag cement will, of course, 
be brought out by chemical analysis; but the fact that the material 
is not a chemical compound but merely a mechanical mixture will not 
be shown in the ordinary report of such an analysis. The average 
commercial chemist will, moreover, — particularly, if he be accustomed 
to analyzing Portland cements — make careless and erroneous state- 
ments concerning three important points. The three points noted are: 
(a) the condition of the iron which is present, (ft) the condition of the 
sulphur which is present, and (c) the nature of the “ loss on ignition.” 

A discussion of analytical methods will not be undertaken, as that 
subject does not properly belong in a treatise of this character. But 
it may be of value, not only to engineers and slag-cement manufacturers, 

009 
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but to commercial chemists, to state in some detail what substances 
are to be expected in examining a normal slag cement. Slag cement 
when ready for sale is a mechanical mixture of slaked lime and slag. 
The slaked lime is lime hydrate [Ca2(OII) 2 J; the slag may be regarded 
as a calcium aluminum silicate (.r.CaO, 7 y.Al 2 O 3 .SiO 2 ). In addition 
to the essential ingredients — lime, silica, alumina, and water— con- 
tained in these two components of the cement, certain other constitu- 
ents may occur in small but often interesting percentages. Of these 
sulphur, iron, magnesia, carbon dioxide, fluorine and soda are those 
most commonly found. 

Analyses of a number of American slag cements are presented in 
the following table. The Cementation Index of several of these has 
been calculated, and it will be seen that it gives values (1.59, 1.67, 1.72, 
1.87) far above those given by any modern Portland cement: 


Table 249. 

Analyses of American Slag Cements 



1 

2 

3 

■1 

fl 

0 

Silica (Si() 2 ) 

27 78 

27 20 

28 40 

28 95 

29 80 

27 80 

Alumina (AMh) 

Iron oxides (EcOjEe-Zh) 

} 11 70 

11 18 

12 80 

/ 11 40 \ 

l 0 54 / 

12 30 

11 10 

Lime (CaO) 

51 71 

50 33 

51 50 

50 29 

51 14 

50 90 

Magnesia (MgO) . 

1 39 

3 22 

11 d 

2 90 

2 34 

2 23 

Sulphur (S) 

1 31 

0 15 

1 40 

1 37 

1 37 

1 18 

Carbon dioxide (CO 2 ) 
Water . . 

) n.d 

4 25 

n.d. 

3 39 

2 00 

5 30 

Cementation Index 

1 07 



1 72 




7 

8 

9 

10 

11 

12 

Silica (Sit > 2 ) . . . 

27 15 

28 81 

30 98 

28 90 

29 04 

30 20 

Alumina (Al 2 O.0 . 

Iron oxides (FeOjEe^Os) 

10 80 

0 90 

10 42 
n d 

11 72 
n d 

| 12 72 

12 02 

11 26 

Lime (CaO) 

51 57 

51 81 

51 07 | 

* 51 19 

51 17 

51 81 

Magnesia (MgO). . . . 

2 70 

2 21 

1 45 | 

1 87 

1 98 

3 37 

Sulphur (S) 

1 38 

1 42 

1 22 

1 07 

1 13 

1 30 

Carbon dioxide (C0 3 ) 
Water 

| 3 50 

n d 

n d 

n d 

n d 

n d 

Cementation Index 

1 59 


1 87 





1 “Southern Cross Portland” Birmingham Cement Co, Ensley, Ala Private commum- 

eation 

2 “Steel Puzzolan ” Illinois Steel Co, Chicago, 111 Lathbury & Spackman, anal Mfrs 

circular 

3-6 “Steel Puzzolan ” Illinois Steel Co , Chicago, 111 

7. Maryland Cement Co , Sparrows Pt , Md Cement Direetory, 2d ed , p 207 

8 “ “ " ‘ 1 “ “ Private communication 

9 “ Brier Hill Portland.” Brier Hill Coal & Iron Co , Brier Hill, Ohio Private communica- 

tion 

10-12 “Stewart Portland.” Stewart Portland Cement Co, Sharon, Pa Private communica- 
tion. 
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show upon fracture a decided greenish tint; if it has been exposed to 
salt water, this tint will be much more marked, and the odor of hydrogen 
sulphide will be observed. Two things should be noted, however, in 
this connection. The presence of sulphides though usual is not a neces- 
sary occurrence in slag cements; and, on the other hand, sulphides are 
occasionally present in Portland cements, being formed from the sul- 
phates in case the flame of the kiln is not sufficiently oxidizing. Another 
chemical difference between the two types of cement is in the high “ loss 
on ignition ” shown by slag cements. This loss, which may range from 
4 to 8 per cent, is due largely to the water carried by the slaked lime. 

Chemical Composition of Slag Cements. 

The ultimate composition of a sample of slag cement will, of course, 
be brought out by chemical analysis; but the fact that the material 
is not a chemical compound but merely a mechanical mixture will not 
be shown in the ordinary report of such an analysis. The average 
commercial chemist will, moreover, — particularly, if he be accustomed 
to analyzing Portland cements — make careless and erroneous state- 
ments concerning three important points. The three points noted are: 
(a) the condition of the iron which is present, (ft) the condition of the 
sulphur which is present, and (c) the nature of the “ loss on ignition.” 

A discussion of analytical methods will not be undertaken, as that 
subject does not properly belong in a treatise of this character. But 
it may be of value, not only to engineers and slag-cement manufacturers, 
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be of service, at times, in selecting the type of cement to be used. For 
some purposes, as in dams, a heavy material is preferable; for others, 
as in floors, the lighter cement would be better. 

Color of slag cements. — Slag cements can usually be distinguished 



Fig 157 * —Effect on tensile strength of slag cements of hardening in air or in water 

(Tetmajcr ) 



Fig. 158 * — Effect on compressive strength of slag cement of hardening in air or m 
water (Tetmajer ) 

from Portlands by being much lighter in color and slightly different 
in tint, while from most natural cements they differ markedly in tint. 
They are commonly bluish-white to lilac, the exact color of any speci- 
men depending partly on the respective colors of the lime and the 
* From Johnson’s “Materials of Construction,” p. 576. 
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slag which have been used in its manufacture, but more largely on 
the relative proportions in which these ingredients have been mixed. 
Slag cements do not stain masonry; and an imported cement of closely 
related origin (Meier’s Pozzuolan) has long been in favor in this country 
for architectural uses, because of this non-staining property. 

Rapidity of set. — Normally slag cements are slower setting than 
Portlands. Whether this property is a disadvantage or not will depend 
on the use to which the cement is to be applied. As before mentioned 
the rapidity of set increases naturally with the amount of alumina in 
the slag. Set can be artificially hastened by the addition of puzzo- 
lanic material to the cement; burned clay, active forms of silica, slags 
high in alumina, etc., are additions which are both effective and cheap. 
The treatment of the cement during manufacture with alkalies to accel- 
erate the set has already been discussed. 

Strength. — While slag cements fall below high-grade Portlands in 
tensile strength, good American slag cements develop sufficient strength 
to pass the usual specifications for Portlands. Tested neat they do 
not approximate so closely to the Portlands as they do if tested in 2:1 
or 3:1 mortars. Part of this property may be due to the fact that they 
arc in general ground finer than Portlands, especially than foreign 
Portlands. Prof. W. K. Hatt recently made a large series of tests on 
American slag cements, and reported that then 4 was no noticeable 
deficiency in strength of briquettes kept in air as compared with those 
kept in water. Other investigators have arrived at opposite conclu- 
sions; and it is probable that these conflicting results arise from differ- 
ences in the chemical composition of (he various brands tested. 

Resistance to mechanical wear.- Slag cements are notably deficient 
in this property, and are therefore not available for use for the surface 
of pavement, floors, etc., where this quality must be highly developed; 
they seem to be well fitted, however, for pavement foundations, or 
indeed for any work which will not be exposed to dry air, and in which 
a high strength is not necessary. 

Ratio of tensile to compressive strength .— Th is ratio, which is of 
importance (as noted in the discussion of Portland cements) seems to 
be much lower for slag cements than for Portlands. In the case tabu- 
lated belotv, the results of tests show the ratio for slag cement to aver- 
age 5.3:1, in place of the 10:1 ratio, which is a fair average for Port- 
land cements. 

compressive strength . . . 

The average value for — for the whole scries 

tensile strength 

is 5.3. 
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Table 251. 

Tensile vs Compressive Strength of Slag Cements. 


Mixture* 

Tent. 

7 Days 

2H Days 

7 Days 

_’S Days 

7 Days 

1 Month 

Neat cement 

Tension 

441 

528 

480 

503 



“ 1 ‘ 

Compression 

2054 5 


2470 

2830 




C+T 

4 66 


5 15 

5 63 



1 cement, 3 sand 

Tension 

170 

219 

145 

200 

171 

243 

l i i i 

Compression 

486 5 


933 

938 

1 138 

1529 


C~T 

2 86 


6 44 

4 69 

6 65 

6 29 


List of references on properties and testing of slag cements. — 

In addition to the list given below, many of the papers cited on pages 

607-608 will be found to contain data on the properties and testing of 

slag cements. 

Bonnami, II. Fabrication et controle des cliaux hydrauliqucs et des ciments. 
Svo, 276 pp. Paris, ISSN. 

Camllot, C. Ciments et ehaux hydrauliqucs. Svo. Paris, 1889. 

Deticnne, II. Manufacture and properties of slag cement. Revue univer- 
sellc des mines, Sept. 1897. 

Fibers, A. I). Notes on the manufacture and properties of blast-furnace slag 
cement. Eng. and Mining Journal, vol. 64, pp. 515-516. 1897. 

Halt, W. K. American slag cements. 21st Ann. Rep. Proceedings Indiana 
Engineering Soc., pp. 45-65. 1901 . Also in Engineering News, March 7, 

1901. 
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vol. 22, pp. 3-52. 1894. 
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pp. 184-190. 1894. 
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March and April, 1898. Abstract in Iron Age, Sept. 1, 1898. 

Prost, M. A. Note sur la fabrication et les propri6t6s des ciments de laitier. 
Annales des Mines, 8th series, vol. 16, pp. 158-208. 1889. 
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Anon. The distinction between slag and Portland cements. Engineering 
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Specifications for slag cements. — So far as known, the only American 
specifications for slag cement were those prepared and published in 
1902 by the Engineer Corps, U. S. Army. These are reprinted below. 

SPECIFICATIONS FOR PUZZOLAN CEMENT 

* Engineer Corps, U. S. A., 1902. 

(1) The cement shall be a Puzzolan of uniform quality, finely and 
freshly ground, dry, and free from lumps, made by grinding together 
without subsequent calcination granulated blast-furnace slag with 
slaked lime. 

(2) The cement shall be put up in strong sound barrels well lined 
with paper, so as to be reasonably protected against moisture, or in 
stout cloth or canvas sacks. Each package shall be plainly labeled 
with the name of tin* brand and of the manufacturer. Any package 
broken or containing damaged cement may be rejected, or accepted 
as a fractional package, at the option of the United States agent in 
local charge. 

(3) Bidders will state the brand of cement which they propose to 
furnish. The right is reserved to reject a tender for any brand which 
has not given satisfaction in use under climatic or other conditions of 
exposure of at least equal severity to those of the work proposed, and 
for any brand from cement works that do not make and test the slag 
used in the cement. 

(4) Tenders will be received only from manufacturers or their 
authorized agents. 

(The following paragraph will be substituted for paragraphs 3 and 
4 above when cement is to bo furnished and placed by the contractor: 

No cement will be allowed to be used except established brands 
of high-grade Puzzolan cement which have been in successful use under 
similar climatic conditions to those of the proposed work and which 
come from cement works that make the slag list'd in the cement.) 

(5) The average weight per barrel shall not be less than 330 lbs. 
net. Four sacks shall contain 1 barrel of cement. If the weight as 
determined by test weighings is found to be below 330 lbs. per barrel, 
the cement may be rejected, or, at the option of the engineer officer 
in charge, the contractor may be required to supply, free of cost to 
the United States, an additional amount of cement equal to the shortage. 

(6) Tests may be made of the fineness, specific gravity, soundness, 
time of setting, and tensile strength of the cement. 
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(7) Fineness. — Ninety-seven per cent of the cement must pass 
through a sieve made of No. 40 wire, Stubb’s gauge, having 10,000 
openings per square inch. 

(8) Specific gravity. — The specific gravity of the cement, as deter- 
mined from a sample which has been carefully dried, shall be between 
2.7 and 2.8. 

(9) Soundness. — To test the soundness of cement, pats of neat 
cement mixed for five minutes with 18 per cent of water by weight 
shall be made on glass, each pat about 3 inches in diameter and \ inch 
thick at the center, tapering thence to a thin edge. The pats are to be 
kept under wet cloths until finally set, when they are to be placed in 
fresh water. They should not show distortion or cracks at the end 
of twenty-eight days. 

(10) Time of setting.— The cement shall not acquire its initial set 
in less than forty-five minutes and shall acquire its final set in ten hours. 
The pats made to test the soundness may be used in determining the 
time of setting. The cement is considered to have acquired its initial 
set when the pat will bear, without being apprcciablv indented, a wire 
* inch in diameter loaded to \ lb. weight. The final set has been 
acquired when the put will bear, without being appreciably indented, 
a wire ^ inch in diameter loaded to 1 lb. weight. 

(11) Tensile strength. — Briquettes made of neat cement, after being 
kept in air under a wet cloth for twenty-four hours and the balance 
of the time in water, shall develop tensile strengths per square inch as 
follows: 

After seven days, 350 lbs.; after twenty-eight days, 500 lbs. 

Briquettes made of one part cement and three parts standard sand 
by weight shall develop tensile strength per square inch as follows: 

After seven days, 140 lbs.; after twenty-eight days, 220 lbs. 

(12) The highest result from each set of briquettes made at any 
one time is to be considered the governing test. Any cement not show- 
ing an increase of strength in the twenty-eight-day tests over the seven- 
day tests will be rejected. 

(13) When making briquettes neat cement will be mixed with 18 
per cent of water by weight, and sand and cement with 10 per cent of 
water by weight. After being thoroughly mixed and worked for five 
minutes the cement or mortar will be placed in the briquette mold 
in four equal layers and each layer rammed and compressed by thirty 
blows of a soft brass or copper rammer, ^ of an inch in diameter or 
tV of an inch square, with rounded corners, weighing 1 lb. It is to 
be allowed to drop on the mixture from a height of about half an inch, 
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When the ramming has been completed the surplus cement shall be 
struck off and the final layer smoothed with a trowel held almost hori- 
zontal and drawn back with sufficient pressure to make its edge follow 
the surface of the mold. 

(14) The above are to be considered the minimum requirements. 
Unless a cement has been recently used on a work under this office, 
bidders will deliver a sample barrel for test before the opening of bids. 
If this sample shows higher tests than those given above, the average 
of tests made on subsequent shipments must come up to those found 
with the sample. 

(15) A cement may be rejected in case it fails to meet any of the 
above requirements. An agent of the contractor may be present at 
the making of the tests, or, in case of the failure of any of them, they 
may be repeated in his presence. If the contractor so desires the engi- 
neer officer in charge may, if he deems it to the interest of the United 
States, have any or all of the tests made or repeated at some recog- 
nized testing laboratory in the manner herein specified, all expenses of 
such tests to be paid by the contractor. All such tests shall be made 
on samples furnished by the engineer officer from cement actually 
delivered to him. 

French specifications and use.— -Various French government bureaus 
permit the use of slag cement for certain definite purposes. The chief 
points in the specifications covering such use are as follows: 

1. Slag cements are made of an intimate mixture of dry granulated 
slag and slaked lime. They must come from a mill designated by the 
contractor and accepted by the chief engineer. 

2. Slag cement should leave less than 3 per cent on a sieve of 900 
meshes to the square centimeter; and be without appreciable residue 
on the sieve of 324 meshes to the centimeter. 

3. The set, immersed in ordinary water, should commence within 
three hours and be completed in less than twenty hours. 

4. Cylindrical testpieces of neat cement should be kept in a humid 
atmosphere until set is complete. After this they should be placed in 
water and its temperatures should be raised to 100° C. in thirty min- 
utes, being retained at that temperature for six hours. The Vicat 
needles u£ed in this test should not show a separation of over 10 mm. 

5. Slag cement mortar tests should show at least 9 kg. at end of seven 
days and 16 kg. (per square centimeter) at end of twenty-eight days. 

6. Slag cements can be employed only in foundations or other 
works entirely underground. Their use is forbidden in works harden- 
ing in air; it is also forbidden in reinforced concrete. 



CHAPTER XLIir. 


SLA Cl BRICKS AND SLAG BLOCKS 

Under the names of “ slag brick,” ({ slag u slag block,” “ scoria 
brick,” etc., two very different products have been included by various 
writers. Both products are made from blast-furnace slag, but the two 
classes differ so greatly in their methods of manufacture and properties 
that it seems necessary to describe them separately. This has accord- 
ingly boon done, tin* names “ slag bricks ” and “ slag blocks ” being 
supplied to the respective classes. As here used, the term “ slag brick ” 
will be confined to those bricks, tiles, etc., which are made by mixing 
slaked lime with ground slag, molding the mixture by hand or in a 
brick-machine, and drying or steaming the product. The term “ slag 
blocks,” on the other hand, will be applied to the products made by 
pouring molten slag into brick-shaped molds, 

Slag Bricks. 

The structural products included in this chapter under the head 
of “ slag bricks ” include those which are made by mixing granulated 
slag with slaked lime or with slag cement, molding the mixture in a 
brick-press or by hand, and drying it in the air, with or without the 
use of steam. It will be noted that all the raw materials used in this 
industry are the same as those utilized in the manufacture of slag cement; 
and indeed the manufacture of slag bricks may be considered as being 
merely a specialized phase of the slag-cement industry. 

Though the slag-cement industry of the United States is in a fairly 
satisfactory condition no serious attempt seems to have been made to 
prepare slag bricks, tile, pipes, etc., on acommercial scale. Small amounts 
of slag bricks have been made for use about the mills and furnaces 
and for the local market, but apparently no attempt has been made to 
extend the manufacture. 

Methods of manufacture. — The slags used are basic blast-furnace 
slags, but a somewhat greater range in composition is allowable for 
slag bricks than when the slags arc to be used in cement-manufacture. 
The analyses quoted in the present chapter may be regarded as fairly 
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SLAG BRICKS AND SLAG BLOCKS 


619 


representative of the class of slags used in slag-brick manufacture. 
It will be seen that the silica range's from 22.5 per cent to 35 per cent; 
the alumina and iron oxide together, from 16.1 per cent to 21 per 
cent; the lime, from 10 per cent to 51.5 per cent. As in slag cements, 
sulphur is an objectionable constituent. Much of it, fortunately, is 
removed during the process of granulating the slag. 

The general steps in slag-brick manufacture may be stated as follows: 
Slags of proper composition are granulated by being run into a stream 
of cold water immediately upon issuing from the furnace. This causes 
the slag to break up into little porous particles, thereby greatly reducing 
the expense of subsequent grinding: Granulation also confers hydraulic 
properties on the slag, and removes part or all of its contained sulphur. 
The granulated slag is dried and pulverized. Powdered slaked lime 
is added in sufficient quantity to bring the total calcium oxide content 
of the mixture up to about 55 per cent. This mixing, as well as the 
previous burning and slaking of the lime, must be carefully and thor- 
oughly done in order to prevent subsequent, disintegration of the bricks. 
Usually, during or after the mixing, a small amount of water is added. 
The mixture is then molded into shape, either by hand or in a brick- 
machine. After shaping, the bricks are dried in the open air, this usu- 
ally taking six to ten days in dry weather. In the best practice, the 
bricks are retained for several months, after drying, in order that they 
may be well hardened before marketing. 

Though over 90 per cent of the total production of slag brick is at 
plants following the above methods, three other methods may be briefly 
noted. At a few plants the granulated slag is mixed, without drying, 
with the unslaked lime; the slag furnishing sufficient water to slake 
the lime. Slaking in this way is very imperfectly done, however, and 
the practice should never be followed if high-grade bricks are expected. 
At a few other plants, notably at the Bilbao plant described below, 
slag is mixed with slag cement instead of with lime. At certain English 
plants, also noted below, the slag bricks are hardened in steam cylinders 
like the cylinders used in lime-sand brick manufacture. 

Slag bricks vary in color from a grayish white to dark gray. They 
weigh less than clay bricks of equal size, are said to require less mortar 
in laying up, and are at least equal to clay bricks in crushing strength. 
The product usually seems to find a ready market, though, of course, 
the low value of the material, relative to its bulk and weight, precludes 
long railroad transportation. 

Methods at special plants.— Slag bricks were manufactured at the 
Cleveland Slag Works, Middlesborough, England; but the manufac- 
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ture has been discontinued for some years. At this plant the wet gran- 
ulated slag was mixed with “ selenitic lime ” (see Ch. XV) instead of 
with common lime. The selenitic lime was composed of 80 per cent 
quicklime, 10 per cent gypsum, and 10 per cent iron oxide. About 
670 lbs. of this selenitic lime was sufficient for 1000 bricks. The mix- 
ture of slag and lime was pressed to shape in a brick-press; and the 
bricks were stacked in sheds for a week, to harden enough to handle 
well. After this they were stacked in the open air for five or six weeks 
more, when they were ready for use. The bricks were dull-gray in 
color, and very hard and tough. Buildings constructed of them over 
twenty years ago are still in a good state of preservation. The manu- 
facture of slag bricks at these works was given up for reasons not con- 
nected with the technical value of the product, which seems to have 
acquired an excellent local reputation. 

At Vitry, France, the manufacture * of slag bricks and pipes is 
carried on in connection with the manufacture of slag cement. The 
bricks are made by mixing 60 parts of slaked lime with from 250 to 
300 parts of granulated slag. Sufficient water is added to this mix- 
ture to make a firm paste, from which the bricks are molded in hand- 
or steam-presses. These slags are found to be especially useful for 
foundations or basement work, pavements, etc. “ Facing brick ” are 
made from a similar mixture, with the addition of some fine sand. 
Sewer pipes are made from a mixture consisting of 500 kgs. of slag 
cement and 1 cu. m. of sand. This mixture is made into a stiff mortar, 
and forced into steel molds by iron rammers. The molds are removed 
as soon as the ramming has finished. • The pipes are then dried for three 
days, after which they are immersed in water for twenty-four hours. 
They are then stacked in the factory ground for several months, after 
which they are ready for market. 

Slag bricks are manufactured t on a large scale at Kralovedvoor, 
near Prague, Bohemia. The slags normally used at this plant vary in 
composition within the following limits: 


Per Cent 

Silica (Si0 2 ) 25 8 to 27 0 

Alumina (A1 2 0 3 ) 17 3 “ 19 3 

Iron oxide (FeO) .... 1 5 ‘ ' 1 > 

Manganese oxide (MnO) 0 0“ 01 

Lime (CaO) 51 4 “ 51 5 

Magnesia (MgO) . . 0 4“ 25 

Sulphur (S) 1.3 “ 1 8 


* Engineering News, Jan 1, 1897. 
f Engineering and Mining Journal, April 16, 1898. 
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representative of the class of slags used in slag-brick manufacture. 
It will be seen that the silica range's from 22.5 per cent to 35 per cent; 
the alumina and iron oxide together, from 16.1 per cent to 21 per 
cent; the lime, from 10 per cent to 51.5 per cent. As in slag cements, 
sulphur is an objectionable constituent. Much of it, fortunately, is 
removed during the process of granulating the slag. 

The general steps in slag-brick manufacture may be stated as follows: 
Slags of proper composition are granulated by being run into a stream 
of cold water immediately upon issuing from the furnace. This causes 
the slag to break up into little porous particles, thereby greatly reducing 
the expense of subsequent grinding: Granulation also confers hydraulic 
properties on the slag, and removes part or all of its contained sulphur. 
The granulated slag is dried and pulverized. Powdered slaked lime 
is added in sufficient quantity to bring the total calcium oxide content 
of the mixture up to about 55 per cent. This mixing, as well as the 
previous burning and slaking of the lime, must be carefully and thor- 
oughly done in order to prevent subsequent, disintegration of the bricks. 
Usually, during or after the mixing, a small amount of water is added. 
The mixture is then molded into shape, either by hand or in a brick- 
machine. After shaping, the bricks are dried in the open air, this usu- 
ally taking six to ten days in dry weather. In the best practice, the 
bricks are retained for several months, after drying, in order that they 
may be well hardened before marketing. 

Though over 90 per cent of the total production of slag brick is at 
plants following the above methods, three other methods may be briefly 
noted. At a few plants the granulated slag is mixed, without drying, 
with the unslaked lime; the slag furnishing sufficient water to slake 
the lime. Slaking in this way is very imperfectly done, however, and 
the practice should never be followed if high-grade bricks are expected. 
At a few other plants, notably at the Bilbao plant described below, 
slag is mixed with slag cement instead of with lime. At certain English 
plants, also noted below, the slag bricks are hardened in steam cylinders 
like the cylinders used in lime-sand brick manufacture. 

Slag bricks vary in color from a grayish white to dark gray. They 
weigh less than clay bricks of equal size, are said to require less mortar 
in laying up, and are at least equal to clay bricks in crushing strength. 
The product usually seems to find a ready market, though, of course, 
the low value of the material, relative to its bulk and weight, precludes 
long railroad transportation. 

Methods at special plants.— Slag bricks were manufactured at the 
Cleveland Slag Works, Middlesborough, England; but the manufac- 
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Silica (Si0 2 ) 

For Cent 

22 5 to 35 0 

Alumina (AM),) 

14 0 ‘ 

‘ 15 0 

Iron oxide (Fe 2 O t ) 

1 1 ‘ 

‘ 3 3 

Manganese oxide (MnO) 

0 0 ‘ 

‘ 0 3 

Lime (CaO) 

45 0 ‘ 

‘ 51 0 

Magnesia (MgO) 

tr ‘ 

‘ 1 4 

Sulphur (S) 

0 3 " 0 4 

Loss on heating 

2 3 ‘ 

1 7 5 


The slag is granulated, sieved on a revolving screen, dried, and 
ground in a ball mill. Lime is slaked and sieved. Enough of this 
slaked-lime powder is added to the slag to bring the lime (CaO) con- 
tent of the mixture up to about 55 per cent. With slags of the range 
in composition above indicated, this would require the mixture to con- 
sist of from 5 to 12 parts of lime to 100 parts of slag. The mixing is 
carried on in a screw mixer, and the powdered mix is then pressed into 
brick in a dry press. On issuing from this press the bricks are set aside 
to harden, and at t he end of six days are usually hard enough for use. 
Their tensile strength is about 312 lbs. per square inch; and the crush- 
ing strength varies from 1250 to 56(H) lbs. per square' inch; both, of 
course, increasing with ago. The bricks are gray in color, well shaped, 
weigh less than stone, and require little mortar in laying up. They 
withstand temperature change's we'll, and are particularly we'll adapted 
for use' in damp situatiems eir uneler water. 

Tolelt has dese-ribed the manufacture of slag bricks at Bilbao, Spain, 
where the blast-furnae*(' slag fmm the' Yize*aya furnaces is use'el. Slag 
cement is maele* by mixing thm' parts of granulateel and elrieel slag with 
e>ne part powdered slake'd lime, anel grinding this mixture in a ball mill. 
The bricks are then made by mixing erne part by vedume erf this cement 
with femr parts erf we*t granulated slag, anel pressing this mixture* into 
shap' in a brick-pre'ss. A Bedgian femn of press with twelve molds is 
used. This turns out twenty bricks per minute, with thirteen workmen. 

It will be noted that in a slag brick made in this fashion the strength 
of the brick must be* almost entirely derived from the slag cement used 
in the mixture, for the* uncrushed slag will be almost inert. 

Hardening in steam-cylinders. — A new met heal of slag-brick manu- 
facture has recently boon intre>eluceel * in Englanel. In this process 
the* use erf lime is elispenseel with (except when slags carrying less than 
35 percent CaO arc useel), while a harelening cylineler is employed exactly 
as in the manufacture of lime-sand brick (see pp. 130-140). The slag is 

* Sutcliffe, E R Utilization of blast-surface slag. Amer. Mfr. and Iron World, 
vol 74, pp 555-503, May 5, 1004 
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allowed to cool normally; it is then broken up and fed to an edge-runner 
mill, where it is crushed and ground, and falling thence into a deep 
pit under the mill, it is collected by an elevator and thrown on a 10- 
mesh screen. All capable of passing this goes to the mixer, the coarser 
particles being rejected and returned to the mill for further grinding. 
“The ground slag is moistened in the mixer with from 5 to 10 per 
cent of water, and is then delivered by the mixer into the brick-making 
machine, where it is molded into bricks under great pressure, the 
pressure employed being from 1(X) to 150 tons on each brick. As 
the bricks are made they are stacked onto stool plat form-wagons made 
to carry from 700 to 800 bricks. The loaded wagons are allowed to 
stand for twelve hours, to allow the bricks to take a slight initial sot, 
after which they are run into the steel chamber, and the bricks are hero 
subjected to the action of steam at a pressure of from 105 to 120 lbs. 
per square inch. Ten hours under this treatment is sullieiont to harden 
the bricks and render them on withdrawal ready for building purposes. 

“ It is necessary that the machinery employed should be of a very 
strong and durable character. For effecting the grinding an edge-run- 
ner mill is most suitable, as it is not easily put out of order by the iron 
which is often found in the slag in large pieces. The roller rims and 
false bottom should be of steel, preferably manganese stool; and the 
perforated grate should also be of stool, the rollers should be made 
of a suitable weight, depending upon the hardness of the slag gener- 
ally from three to five tons each. Their width should not exceed 12 
inches. 

“ A specially designed brick-making machine is employed. This 
consists of a rotating table containing the molds, a feeding-pan, and 
powerful toggle-press. As the table revolves, the molds pass alter- 
nately under the feeding-pan whore they an' fed with the charge* of 
material, then under the press, and a further rotation brings the mold 
over the ejecting plunger and the brick is dischargee 1 ready for removal. 
The machine is capable of exerting a pressure* on each brick of 150 tons, 
and is fitted with a simple contrivance to insure; the corners of the 
bricks being well pressed up. Its operation is first to give the material 
in the mold at a top pressure by means of a wedge-shaped plunger, forc- 
ing the material well into the sides and corners of the; mold, anel a final 
pressure from below, which completely presses out the indentation made 
by the wedge-shaped plunger anel give's a gewel finish to the sides anel 
corners of the brick. The necessity of t his arrangement will be apparent 
when it is understood that ground slag eloes ne>t beeaane; plastic under 
pressure as does ordinary clay, and that a material when filled into a 
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mold by gravity naturally piles in the center, and if directly pressed 
would produce bricks of greater density in the center than at the 
sides. 

“ The hardening-chamber is like a boiler without flues, 45 feet long 
by 6 ft. in diameter. It contains 6000 bricks, and must be capable of 
withstanding the pressure of steam, which is used for their indurating. 
One end of the chamber is removable and held in place by hinged bolts 
threaded on to a back ring, the joint being made by a projection on 
the cover fitting into a recess in the shell, the bottom of the recess 
being filled with ordinary red rope packing. The chamber will per- 
mit of two steamings per day — one during the daytime and the other 
at night. Hence each chamber with high-pressure steam serves for 
12,000 bricks per day. 

“ The brick wagons must be strongly constructed, as any deflection 
of the platform might tend to crack and spoil the bricks, which in the 
green state require some care in handling. It is necessary that roller 
or ball bearings be used for the axles, as under the action of the steam 
any oil or grease would be burnt out of ordinary bearings. 

“ It will be noted that no binding material whatever is mixed with 
the slag. The process is really the production of a concrete. In grind- 
ing the slag fine enough to pass a 10 per inch mesh a very large pro- 
portion of it is reduced to a fine dust, which acts as a hydraulic cement, 
the coarser particles forming the aggregate. Where the slag is very 
hard, and consequently only a small proportion of dust is produced, it 
is necessary to reduce a portion in a ball mill or other suitable fine- 
grinding machine. The precise action which takes place during the 
hardening is difficult to determine; but evidently the result is due to a 
combination being effected between the free lime found in all limy slags 
and the silica and alumina. 

“ It may be assumed that the silicious compounds in the slag become 
soluble in the presence of heat and moisture, in which condition it is 
readily attacked by the free lime present in the slag. 

“With some slags high-pressure steam gives better results than low- 
pressure, besides requiring less time to effect the hardening. In speak- 
ing of high-pressure steaming, it is to be understood that this refers 
to any pressure above the atmosphere and low pressure to at or under 
this. With other slags low pressure is quite as effectual as, and in some 
instances is better than, high pressure. To determine which is the most 
suitable process is a question for experiment with the particular slag. 
Where low-pressure steaming is adopted the chambers may either be 
made of thin sheet steel or tunnels may be constructed of brickwork. 
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allowed to cool normally; it is then broken up and fed to an edge-runner 
mill, where it is crushed and ground, and falling thence into a deep 
pit under the mill, it is collected by an elevator and thrown on a 10- 
mesh screen. All capable of passing this goes to the mixer, the coarser 
particles being rejected and returned to the mill for further grinding. 
“The ground slag is moistened in the mixer with from 5 to 10 per 
cent of water, and is then delivered by the mixer into the brick-making 
machine, where it is molded into bricks under great pressure, the 
pressure employed being from 1(X) to 150 tons on each brick. As 
the bricks are made they are stacked onto stool plat form-wagons made 
to carry from 700 to 800 bricks. The loaded wagons are allowed to 
stand for twelve hours, to allow the bricks to take a slight initial sot, 
after which they are run into the steel chamber, and the bricks are hero 
subjected to the action of steam at a pressure of from 105 to 120 lbs. 
per square inch. Ten hours under this treatment is sullieiont to harden 
the bricks and render them on withdrawal ready for building purposes. 

“ It is necessary that the machinery employed should be of a very 
strong and durable character. For effecting the grinding an edge-run- 
ner mill is most suitable, as it is not easily put out of order by the iron 
which is often found in the slag in large pieces. The roller rims and 
false bottom should be of steel, preferably manganese stool; and the 
perforated grate should also be of stool, the rollers should be made 
of a suitable weight, depending upon the hardness of the slag gener- 
ally from three to five tons each. Their width should not exceed 12 
inches. 

“ A specially designed brick-making machine is employed. This 
consists of a rotating table containing the molds, a feeding-pan, and 
powerful toggle-press. As the table revolves, the molds pass alter- 
nately under the feeding-pan whore they an' fed with the charge* of 
material, then under the press, and a further rotation brings the mold 
over the ejecting plunger and the brick is dischargee 1 ready for removal. 
The machine is capable of exerting a pressure* on each brick of 150 tons, 
and is fitted with a simple contrivance to insure; the corners of the 
bricks being well pressed up. Its operation is first to give the material 
in the mold at a top pressure by means of a wedge-shaped plunger, forc- 
ing the material well into the sides and corners of the; mold, anel a final 
pressure from below, which completely presses out the indentation made 
by the wedge-shaped plunger anel give's a gewel finish to the sides anel 
corners of the brick. The necessity of t his arrangement will be apparent 
when it is understood that ground slag eloes ne>t beeaane; plastic under 
pressure as does ordinary clay, and that a material when filled into a 
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“In the case of a slag which disintegrates on exposure to the atmos- 
phere it would not be wise to use it directly after it has cooled unless 
the ground-moistened slag is permitted to stand until the free lime is 
thoroughly hydrated. This could be effected in silos erected directly 
over the brickmaking machine; and twenty-four hours in this condi- 
tion would be sufficient. In general the better plan would be to allow 
the slag to stand for about ten days before being used, as in such cases 
the grinding would be facilitated by the disintegrating. 

“ The slag for brickmaking should preferably be cast in thin layers 
capable of being easily broken up in sizes suitable for being passed into 
the grinding-mill, rendering a stone-breaker unnecessary. 

“ The bricks are almost perfect in form, there being no twisting or 
distortion produced by the induration, and in strength and other 
qualities they will compare with the best qualities of clay bricks. 


Table 252. 

Crushing Strength of Indurated Slag Bricks 


No of 
Specimens 

I )l IIUMI.HIOUH 111 I IK'llCH 

Cracked at 
Tonspei Sq Ft 

('rushed at 
Tonspei Sq Ft 

Remarks 

1 

9X43X2’ 

227 

310 


l 

9X43X2’ 

303 

375 

1 Not completely crushed 

1 

9X43X23 

227 

375 

Not completely crushed 

1 

9X43X2’ 

240 

370 



“ Objections have been raised against granulated slag bricks on 
account of their porosity, which ranges in some cases as high as 15 per 
cent. No objections of this kind can be raised against these indurated 
slag bricks, the absorption being remarkable low as shown in Table 253. 

“ The bricks before testing were thoroughly dried at 212° and then 
immersed for twenty-four hours. 


1 ABLE 253. 

Porosity of Slag Bricks 


No 

Dimensions m 

Weight before 

Weight after 

Gain in 

Per Cent. 

Inches 

Immersion 

Immersion 

Weight 

1 

9X43X23 

8 lbs 10 oz. 

9 lbs 1 oz 

7 oz 

5 07 

2 

9X43X21 

8 lbs 12 oz 

9 lbs 4 oz. 

8 <*? 

5 71 


“ These bricks were tested by burning them in an ordinary continu- 
ous brick kiln, and a brick treated in this way withstood the fire suc- 
cessfully and is still a good hard brick, the only change being in the 
color, which is now a light buff. During the burning the loss in weight 
averaged G ounces, which equals 4.47 per cent; and the absorption 
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after burning was 16 ounces, or 11.0 per cent, after twenty-four hours' 
» immersion. 

“ The following is the estimated cost of production, based on a pro- 


duction of 10,000 bricks per day of ten hours- 

I.ahor £ s tl 

1 man at grinding-inill at 6 d per hour () 5 0 

2 men afc brickmaking machine, taking off, at (id 

hour. . 0 10 0 

1 youth attending to moistening of material 0 3 0 

4 wheelers and, stackers at (id per hour 1 0 0 

1 foreman 0 (; p 


Cost in labor per 1000 bricks, say ts (id 

“ To this must be added the cost of getting the slag to the machinery, 
wear and tear, depreciation, and such charges as may be added for 
power and steam. 

“ As regards the slag, this should bo run from the furnaces on to a 
level floor and then broken up and taken to the machinery. This will 
mean a little extra cost over that of running the slag in wagons and 
depositing it in balls on the slag heap; but (id. per ton should cover the 
whole cost of casting the slag in this way and running it to the machinery. 
Wear and tear on machinery will necessarily be high, considering the 
wearing action of the slag. This will be well provided for at Is. (id. 
per 1000 bricks. 

“ As to power and steam, this would be generated from the furnace 
gases, and if not used for this purpose might bo considered as wasted; 
but assuming this at the value of coal, if such were used we should 
require 2 \ tons of coal per day, which, at 10s. per ton, works out at 2s. Od. 
per 1000 bricks. If we allow 6d. per 1000 for generation, wo get 3s. per 
1000 bricks. 

“ The cost of a complete plant such as described would be about 
£3000, including buildings and all requirements. Taking depreciation 
at per cent on the whole, and reckoning on 300 working days, we get 
15s. per day, or Is. 6d. per 1000 bricks. 

Summary of Cost of Production per 10(X) Bricks 


(^ost of labor 4 G 

Slag at 6d per ton (4 tons) 2 0 

Wear and tear 1 6 

Power and steam 3 0 

Depreciation . . 1 G 

Oils, sundries, etc 0 6 


13 0 


Total cost of production 
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“ The above calculation is based on only producing 10,000 bricks 
per day. The plant would be capable of making up to 12,000 per day; 
so that by only calculating on this reduced output sufficient allow- 
ance is made for unforeseen losses. If a larger plant were installed the 
cost could be very considerably reduced; on a plant producing, say, 
20,000 bricks per day, the cost per 1000 should not be more than 10s. 
to 11s. 

“ This refers more particularly to limy slags; but in the case of slags 
not so rich in lime, hydrated lime can be added to the ground slag and 
the hardening effected in the same way, but in such cases the cost of 
production is increased by the cost of this added lime. 

“ As before pointed out, most limy slags have setting properties with- 
out being steamed; and with slags containing from 40 to 48 per cent 
of lime, bricks may be made by merely grinding and pressing the mate- 
rial and permitting the bricks to stand out in the open air, the same 
conditions being observed as in making granulated slag bricks, but 
this method is not so satisfactory as the hardening by steam. In many 
slags there is a proportion of soluble salts which tend to spoil the bricks 
when allowed to harden naturally by appearing as efflorescence. This in 
some cases is so violent that the outer crust will be forced away from 
the brick; but the same effect does not happen when they are steamed, 
the steaming either turning the salts into a stable compound or driving 
them off. 

“ These bricks will withstand the weather equally with a high-class 
clay brick. Bricks have been exposed to the weather the whole winter 
and no effect whatever is noticeable upon them. They have been 
soaked, then frozen, and afterwards put into hot water without deteri- 
oration.” 

Slag Blocks. 

Under this heading will be considered all these products (“ slag 
blocks,” “ slag tiles,” etc.) made by running molten slag, direct from 
the furnaces, into molds of proper shape. The term slag block will 
be employed as a general but distinctive name for this class of products 
in order to distinguish them from the slag bricks made by mixing granu- 
lated slag with slaked lime, which have been discussed in previous sec- 
tions of this chapter. 

Slag blocks, if properly made, are stronger than slag bricks. They 
are, however, impervious to air and moisture; and on that account 
are not good building materials, for dwellings constructed of them are 
apt to be damp and unhealthful. Their chief uses are for foundations 
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after burning was 16 ounces, or 11.0 per cent, after twenty-four hours' 
» immersion. 

“ The following is the estimated cost of production, based on a pro- 


duction of 10,000 bricks per day of ten hours- 

I.ahor £ s tl 

1 man at grinding-inill at 6 d per hour () 5 0 

2 men afc brickmaking machine, taking off, at (id 

hour. . 0 10 0 

1 youth attending to moistening of material 0 3 0 

4 wheelers and, stackers at (id per hour 1 0 0 

1 foreman 0 (; p 


Cost in labor per 1000 bricks, say ts (id 

“ To this must be added the cost of getting the slag to the machinery, 
wear and tear, depreciation, and such charges as may be added for 
power and steam. 

“ As regards the slag, this should bo run from the furnaces on to a 
level floor and then broken up and taken to the machinery. This will 
mean a little extra cost over that of running the slag in wagons and 
depositing it in balls on the slag heap; but (id. per ton should cover the 
whole cost of casting the slag in this way and running it to the machinery. 
Wear and tear on machinery will necessarily be high, considering the 
wearing action of the slag. This will be well provided for at Is. (id. 
per 1000 bricks. 

“ As to power and steam, this would be generated from the furnace 
gases, and if not used for this purpose might bo considered as wasted; 
but assuming this at the value of coal, if such were used we should 
require 2 \ tons of coal per day, which, at 10s. per ton, works out at 2s. Od. 
per 1000 bricks. If we allow 6d. per 1000 for generation, wo get 3s. per 
1000 bricks. 

“ The cost of a complete plant such as described would be about 
£3000, including buildings and all requirements. Taking depreciation 
at per cent on the whole, and reckoning on 300 working days, we get 
15s. per day, or Is. 6d. per 1000 bricks. 

Summary of Cost of Production per 10(X) Bricks 


(^ost of labor 4 G 

Slag at 6d per ton (4 tons) 2 0 

Wear and tear 1 6 

Power and steam 3 0 

Depreciation . . 1 G 

Oils, sundries, etc 0 6 


13 0 


Total cost of production 
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depth of pavement laid on this varies, according to the paving mate- 
rial, as follows: ('lay bricks, 4J inches; slag blocks, 5 inches; limestone 
or porphyry blocks, 6 inches. The cost of material and laying per 
square yard is: Clay bricks, 62J cents; limestone blocks, 62 \ cents 
to $1.25; slag blocks, $1.25; porphyry blocks, $1.56. No data as to 
proportions of each pavement in use, or durability of the different types, 
are available. The adjunct director of public works of Rotterdam 
stated that for light traffic the clay-brick pavements were regarded 
as the best; for medium traffic, slag blocks or limestone; for heavy 
traffic, porphyry blocks. 

The manufacture of slag blocks from copper slags at Mansfeldt, 
Saxony, has been described * in detail by Egleston. The industry, as 
carried on in this locality, presents certain features of interest which 
warrant a somewhat lengthy abstract of the paper cited. 

The slags used are high in silica, ranging from 40 per cent to 60 per 
cent. When cooled rapidly, they form a dark colored brittle glass, 
but if cooled with great slowness the product becomes gray and crystal- 
line. These slowly cooled slags are both hard and tough, and there- 
fore serviceable in the manufacture of structural material. The process 
employed at Krug Hutte is as follows: 

The slag, as it comes from the furnaces, is carried in slag wagons 
to the molding ground, where the bricks are cast. The bed of the 
molds is sand, which has been sieved to remove coarse particles. 

The bed is then carefully gone over with a shovel, which is pressed 
into it an inch or so to make the sand soft. It is then smoothed over 
with the shovel, and into the corners a piece of iron 0.18 meter to 0.20 
meter long, and 0.15 meter wide is laid, inclined so as to facilitate the 
passage of the slag in the slag-runners which go round the whole 
space. 

The molding-bed is then so divided by iron partitions pushed down 
into the sand as to give the size of blocks required. These partitions 
have several round holes, about 0.05 meter in diameter, near their tops, 
to permit the entrance of slag. Previous to use, the partitions are 
washed with clay and sprinkled with sand to prevent the slag from 
sticking to them. Around each of the molds thus formed is a space 
0.20 meter wide, through which the slag flows. When all the 1 partitions 
are in place, the bottom of each mold is made flat by pressing down 
into it a piece of sheet iron (of the same size as the compartment), 
attached to a handle. 


* School of Mines Quarterly, vol 12, pp 112-117 
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When the molds are ready slag is brought from the furnace in slag 
» wagons, and allowed to flow through the interspaces and into the molds. 
When the slag has about half filled a mold, a little sand is thrown on 
it to prevent too rapid cooling. When the molds are entirely full 
they are covered with about a foot of sand and allowed to stand for 
forty-eight hours. At the end of this time the slag is cool, the sand 
is shoveled off, and the iron partitions removed. 

During rainy weather the molding ground is kept covered with 
boards until the slag is ready for pouring, and as soon as this operation 
is finished the molds are again covered with boards. 

The blocks are usually cubes, 0.15 meter on the edge, though larger 
sizes and different shapes are occasionally cast. The material which 
has solidified in the spaces between the molds is broken up for use as 
road metal. 

At Koch Iluttc similar processes are employed. Large blocks, 
however, are cast in cast-iron molds, with a (‘over that is shut down 
in order to compress the slag. Similar work is carried on at Kupfer- 
kammer Hutte. 

Analyses of typical slags from the Mansfeldt district are given in 
Table 254. 

A very interesting example of the manufacture of slag blocks or 
tiles from a copper blast-furnace slag has been described * by Braden 
as having been seen in operation at a furnace located near Santiago 
de Chile. His description is as follows: 

The slag and matte are tapped from the blast-furnace into a slag- 
pot. After settling for a few moments the slag is poured from ladles 
into molds which are 6 inches square and 1 inch deep. The molds 
after being filled with slag are placed on a hearth which has a movable 
cover, and covers are placed on the molds as well as on the hearth. 
A very light heat is kept up, so that the slag cools very slowly. When 
it appears black the molds are lifted from the hearth and the slag tiles 
are dumped into cold water. The tiles thus made are very light and 
portable. When laid they have proven to be tough and durable. 
For this manufacture a slag carrying a considerable excess of iron 
has been preferred. The tiles are sold for from $30 to $60 (pesos 
Chilenos) per thousand, 


Trans. Ain. Inst. Min. Engrs , vol. 20, pp 52-53. 1896. 
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Table 254. 


Analyses of Slag, Mansfeldt. 



Krun 

Hutte 

Koch 

Hutte 

Eckhardt 

Hutte 

Ivupferkammer Hutte 

Year 

1888 

1888 

1888 

1881 

1881 


Per Cent 

Per Cent 

Per Cent , 

Per Cent 

Per Cent 

Lime 

18 35 

23 187 

21 51 

19 29 

20 29 

Magnesia 

6 732 

2 22 

0 847 

3 23 

4 37 

Alumina 

14 825 

17 001 

10 525 

10 35 

15 67 

Iron oxide . . 

4 725 

4 043 

2 708 

10 75 

8.73 

Manganese oxide 

0 G97 

0 328 

' 0 744 



Nickel and cobalt oxides 

0 003 

tr. 

tr. 



Zinc oxide... 

1 105 

0 092 

0 934 

1 20 

1 11 

Lead oxide 

0 232 

0 118 

tr. 



Copper oxide 

0 289 

0 277 

0 3 

0 75 

0 67 

Silica 

47 63 

48 405 

40 39 

48 22 

50 0 

Fluor 






Total 

97 70S 

90 931 

90 018 

99 85 

100 84 



Kupferkammer Hutte 

Sanger hausen Hutte 

Year. . 

1881 

1888 

1881 

1881 


Per Cent 

Pei Cent 

Per Cent 

Per Cent 

Lime 

19 50 

19 15 

33 10 

23 40 

Magnesia 

8 02 

3 077 

1 07 

0 87 

Alumina 

18 17 

17 030 

4 43 

7 83 

Iron oxide 

5 89 

7 213 

4 37 

7 47 

Manganese oxide 


0 827 



Nickel and cobalt oxides 


0 038 



Zinc oxide 

3 57 

2 050 



Lead oxide 


0 065 



Cbpper oxide 

0 23 

0 333 

0 25 

0 30 

Silica 

48 38 

40 81 

53 83 

57 43 

Fluor 

0 99 


2 09 

1 97 

Total 

99.75 

97 802 

99.74 

99 27 


Slag blocks have been manufactured at a Montana copper smelter 
by a process which contrasts strongly with the practice at Mansfeldt 
and Santiago. The copper slag was poured into iron molds built up 
by putting together iron plates of proper form. The process was car- 
ried on in the open air and no covering of any kind was placed on the 
blocks. The slag in consequence cooled very rapidly. Though the 
product was, therefore, not as dense or tough as that secured at Mans- 
feldt, the Montana practice effected a great saving of time and space. 
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Aalborg kiln, recommended for natural cement, 223 
used for lime-burning, 103-104 

Portland cement, 414-415 
Abrams, D , on effect of storage on cements, 549 
Abrasion, resistance to, by slag-cements, 013 
Absorption, of clay bricks, 147 

lime-sand bricks, 144, 145, 140, 147 
sandstones, 148 
Accelerators for plasters, 57, 71 

slag-cement, 001-002 
Acidity index, definition of, 270 
, see Alumina 

Adhesive strength of plasters, 09-70 
Ages, geologic, 10-17 
Alabaster, 19 

Alga*, aid in marl deposition, 306-308 
Alit, in Portland-cement clinker, 509-512 
Alkalies, effect m Portland cement, 279, 362, 365 
in flue-dust of cement-kilns, 362, 450 
limestones, 279 

used as accelerator for slag cement, 001-002 
flux in Portland cement, 365 
Alkali waste, analyses of, 319 

, used as Portland-cement material, 318-320 
Alum, used in manufacturing Keene’s cement, 37, 78 
Alumina bricks, for kiln-linings, 429-431 
Alumina, clays high in, 429 

, effect of, in Portland-cement mixtures, 270, 279, 361, 517, 546 
in sea-water, 361, 546-548 
silica-alumina ratio in clays, 325, 456 

coal ash, 455-456 

» 

limestones, 283 
Portland cement, 271 
Alumina-Portland cements, 517 
Ammonia process, see Alkali waste 
Analyses of alkali waste, 319 

alumina brick for kiln-linings, 430 
anthracite ash, 371 


633 



634 


INDEX. 


Analyses of arGnes, 580 

ash of coke and coal, 371, 455 
ash, volcanic, 570-578 
brick for kiln-linings, 429-431 
calcined magnesite, 67 
cement, grappier, 189 

, natural, 244-253 
, Portland, 518-523 
, puzzolan, 605, 606, 610, 611 
, slag, 605, 606, 610, 611 
11 cement” plaster, 64 
cement-rock, 295, 302 
chalks, 290 

clays for kiln-brick, 429-431 

Portland cement, 326-328, 330 
coal ash, 371, 455 
coal for rotary kilns, 452-454 
coke ash, 371 

fire-brick for kiln-linings, 429-431 
flint pebbles for tube mills, 408 
flue-dust, 450 
fuel-ash, 371, 455 
gas, natural, 464 

, waste from rotary kilns, 447 
gas-coke ash, 371 
grappier cements, 189 
grappiers, 186, 189 
gypsite, 61 
gypsum earth, 61 

gypsum used in making Keene’s cement 78 
plasters, 60, 85, 87 
Portland cement, 484 
hard-finish plasters, 79 
high-alumina clays for kiln-brick, 429 
high-calcium limes, 119 
high-iron Portlands, 518, 519 
hydraulic lime, 183, 186, 195 

used in slag cement, 596, 597, 605 
hydraulic lime-rock, 180-181, 194 
Keene’s cement, 79 
kiln-brick, 430 
kiln-coals, 452-454 
kiln-gases, 447 

Lafarge grappier cement, 189 
lean limes, 120 
Lehigh cement rock, 295 
lime, 119-121 

, hydraulic, 183, 186, 195 

, used in slag cement, 596, 597, 605 
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Analyses of lime, used in slag cement, 590, 597, 005, 021 
lime-sand brick 144 
limestones, magnesian, 158 

, used for making hydraulic lime, 180-181, 194 
lime, 97-99 
magnesia, 158 

natural cement, 204-200, 208-211, 213, 215, 
* 217 

Portland cement, 314, 321, 320, 329, 333, 
342 

see*aho Chalk, Marl 
magnesia, 150, 158, 159 
magnesia brick, 102 
magnesian limes, 121 

limestones, 158 
magnesite, 153, 154 

calcined, 07 

marls, 312 

natural cement, American, 244-251 
, Austrian, 253 
, Belgian, 251 
, English, 252 
, French, 252 
, German, 253 

natural-cement rock, American, 208, 209, 210, 211, 212, 213 
, Belgian, 210 
, English, 210 

natural gas, 404 

“natural Portland” cement, Belgium, 251 

rock, Belgian, 210 

old Portland cements, 520 
oyster-shell lime, 90 
oyster-shells, 95, 90 
Parker’s cement, .see Natural cements 
pebbles, flint, 408 

plaster, used in Portland cement, 484 
plasters, 04, 79 

Portland cement, American, 521-523 
, old, 520 

Portland-cement mixtures, 309, 371, 372 
pozzuolana, 570, 577, 578 
t puzzolan cements, 010-011 

puzzolanic materials, 570-581, 580 

Roman cements, see Natural cements 

santorin, 579 

shales, .see Clays 

shell-lime, 90 

shells, 95, 90 

slag cement, 010-011 
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Analyses of slags, average blast-furnace, 321 
, for Portland cement, 322 
, for slag blocks, 032 

slag bricks, 620-622 
slag cement, 586, 605, 606 
slate, roofing, 335 

, used for Portland cement, 336 
stack-gases, 447 
Btucco, 64 
tetin, 577 
tosca, 577 
trass, 579 

tube-mill pebbles, 408 
volcanic ash, 576-578 
waste gases from kiln-stack, 447 
water from slag granulation, 591 
Analytical methods, 524-527 
Anhydrite, 19 

Anthracite ash, analysis of, 371 
Ash of coal, as cement material, 455 
Ash of fuel, analysis of, 371, 455 
Atomic weights of elements, table of, 13 
Austria, magnesite output, 151 

natural cements of, analyses, 253 
Average of prices, 1890-1920, 7-8 

Ball mills, 399 
Basic slags, 584 

Bauxite as cement material, 517 
Belit, in Portland-cement clinker, 509-512 
Berthelet separator, 237 
Blake crushers, 399 

Blast-furnace methods of cement manufacture, 389-390, 517 
Blatchley, W. S., on intermittent lime-kilns, 101-102 
origin of marl deposits, 307 
Bleininger, A. V., on fineness of natural cements, 239 

Portland-cement mix, 398 
Blocks, slag, 628-632 

Boilleau and Lyon, on costs of slag cement, 606 
Borax used in hard-finish plasters, 37 
Breakers, rock, see Crushers 
Brick, alumina, for kiln-linings, 429-431 
magnesia, 161-163 
sand-lime, 132-148 
slag, 618-628 

Brick-press, for sand-lime brick, 140 
slag brick, 622-624 

Brigham, S. T., on strength of hydrated lime, 130 
Brines, as sources of magnesia, 159-160 
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British thermal unit defined, 12 
Broughton mixers, 57 
Buhrstones, 41, 234-235, 399 
Burning, see Kilns, Fuels 

Cactus, used as plaster-retarder, 72 
Calcination, see Calciners, Fuels, Kilns 
Calcined plaster, 37 
Calciners, kettle, for plasters, 44-53 
, oven, for plasters, 44 
, rotary, for piasters, 52-57 
Calcium carbonate, see Limestones 
Calcium chloride as retarder for cement, 485-486 
Calcium oxide, see Lime 
Calcium hydrate, see Tame, hydrated 
Calcium hydroxide, sec Lime, hydrated 
Calorie defined, 12 

Campbell, E D , on fineness of cement grinding, 397 
Campbell kiln for natural cement, 223-225 
Campbell lime-hydrater, 128 
Canada, cement consumption per capita, 5 
, gypsum deposits, 29-32 
magnesite deposits, 152 
plaster manufacture, 85-87 
Portland cement, 505-506 
tube mill pebbles, 408 
weights of cement packing, 491 
Candlot, E , on Alaborg kilns, 414-415 

composition of fuel-ash, 371 
dome kilns, 410-411 

Carbon dioxide, by-product from lime-kilns, 111 
from magnesite, 156 
in limestones, 92, 97 
Carbonate cementing materials, 9 
Carbonate of calcium, see Limestone 
Carbonate of lime, see Limestone 
Carbonate of magnesium, see Magnesite 
Carbonic acid, see Carbon dioxide 
Carpenter, R. C , on tests of rotary kilns, 448-449 
effects of plaster, 480-481 

lime chloride, 485-486 

Caustic-soda waste as Portland-cement material, 318-320 
Caustic soda, used in slag cement, 602 
Celit, in Portland-cement clinker, 509-512 
Cementation index; calculation of, 174 

explanation of, 174-175 
hydraulic limes, 176-177, 179, 194 
natural cements, 202-205 
Portland cements, 365-367 
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Cementation index, slag cements, 599-600 
Cement consumption per capita, 5 
Cementing materials, classification of, 9-10 
, production in U. S , 4 
“Cement” plasters, analyses of, 64 
definition of, 37 
manufacture of, 36-62 
properties of, 63-74 

Chamber-kiln for lime and cement, 107-108, 412-414 

Chemical analyses, .sec Analyses 

Chemical analysis, methods of, 524-527 

Chemical elements, table of, 13 

Chert, .see Flint 

Choice of cements, 10 

Ciment fondu, 517 

Clark pulverizer, 399 

Classification of cementing materials, 9-10 
crushing machinery, 399 
rocks, 15—17 

Clays, analyses of, 326, 327, 328, 330 
origin of, 323-324 
used for kiln-brick, 429-430 
used in Portland cement manufacture, 323-337 
Clinker cooling, 467-471 

grinding, 467, 471-473 
Closson process, 159 
Coal ash, analyses of, 455 

as cement material, 337, 455 
Coal for kilns, analyses of, 452-454 

, cost of preparation, 460 
, crushing and pulverizing, 456, 458-460 
, distribution of, 456 
, drying of, 457 

, explosion and fire risks, 461-462 
, treatment of, 452-462 
Coke ash, analysis of, 371 
Complex cementing materials, 9 
Composition, chemical, see Analyses 
Compressive strength; of clay bricks, 147 

hydraulic limes, 187, 188, 196 
lime-sand bricks, 144-148 
natural cements, 264-266 
plasters, 68-70 
Portland cement. 533-536 
puzzolan cements, 612-614 
sand cement, 537-541 
sandstones, 148 
selenitic limes, 198-199 
slag bricks, 626 
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Compressive strength; of silica cement,, 537-541 
slag cements, 612-614 
Constitution of hydraulic limes, 172-177 
natural cements, 201-205 
plasters, 30-38 
Portland cement, 507-519 
slag cement, 609 

. Consumption of ceTnent per capita, 5 
Cost of burning lime, 112-115 

natural cement, 239-242 
plasters,, 59 

Portland cement, 435, 497 
dredging marl, 353-354 
drying cement materials, 354-355 
coal, 400 

slag, 594, 600-607 

excavating cement rock, 217-218, 352-355 
clay, 352, 355 
gypsum, 33-35, 59 
limestone, 352, 355 
marl, 353-351 

natural-cement rock, 217-218 
Portland-cement materials, 352 -355 
fuel, see Cost of burning 
labor in lime plants, 112-115 

natural-cement plants, 239-242 
plaster plants, 59 
Portland-cement plants, 490-497 
land and quarries, Portland cement, 499-500 
mining, see Cost of excavating 
plant for hydrated lime, 130 
lime-sand brick, 1 12 
slag brick, 627 

preparing coal for kiln use, 460 
quarrying, see Cost of excavating 
Casts, of manufacturing cement, plaster, 59 
hydrated lime, 130 
lime, 112-115 
lime-sand brick, 142-144 
natural cement, 239-242 
oxychloride cements, 167 
plaster of Paris, 59 

* Portland cement, 493-501 

slag bricks, 627 
slag cement, 606-607 
Sorel stone, 167 

Crackers, 41, 235-236 

Creighton, Prof., on strength of natural cements, 266 
Crushers, Blake, 40, 235, 399 
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Crushers, cone-grinders, 40, 235, 399 
, crackers, 41, 236, 399 
, definition of group, 399 
, Gates, 40, 235, 399 
, gyratory, 40, 235, 399 
, jaw, 40, 235, 399 
, McEntee, 236, 399 
, Mosser, 399 
, nippers, 41 
, rotary, 235, 399 
, Sturtevant, 127, 235 
, used for coal, 458 

gypsum, 40 
lime, 127 

natural cement, 235-236 
plaster, 40 

Portland cement, 399 
Crushing machinery, classification of, 399 
for coal, 456-400 
gypsum, 40-43 
lime, 127 

natural cement, 235-236 
plaster, 40-43 

Portland-cement clinker, 399, 467, 471 
Portland-cement materials, 382, 391, 399 
slag cement, 600-602 
slaked lime, 127 

see also Crushing practice, Crushers, Ball mills, Tube mil 
Kominuters, Rolls, Mills, Mill-stones, Edge-runne 
Crackers 

Crushing practice, general discussion, 399 

types of machinery used, 235, 299 
Cummer calciner for plaster, 54-56 
Cummings mill, 236 
Cyclone pulverizer, 236 

Cylinders, hardening, for lime-sand brick, 141-142 
slag brick, 622-621 

Davis, C. A , on origin of marl deposits, 307-308, 310 

Depletion of raw material supply, 499 -500 

Depreciation of plant, 499-500 

Deterioration on storage, 549 

Deval, L , on effect of alumina, 547 

Dietzsch kiln, 414 

Dodge process for lime-hydrating, 126 
Dolomite, composition of, 93 

see also Limestones, Magnesian 
Dome kiln, for hydraulic lime, 181-182 
for lime, 100-104 
natural cement, 223-232 
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Compressive strength; of silica cement,, 537-541 
slag cements, 612-614 
Constitution of hydraulic limes, 172-177 
natural cements, 201-205 
plasters, 30-38 
Portland cement, 507-519 
slag cement, 609 

. Consumption of ceTnent per capita, 5 
Cost of burning lime, 112-115 

natural cement, 239-242 
plasters,, 59 

Portland cement, 435, 497 
dredging marl, 353-354 
drying cement materials, 354-355 
coal, 400 

slag, 594, 600-607 

excavating cement rock, 217-218, 352-355 
clay, 352, 355 
gypsum, 33-35, 59 
limestone, 352, 355 
marl, 353-351 

natural-cement rock, 217-218 
Portland-cement materials, 352 -355 
fuel, see Cost of burning 
labor in lime plants, 112-115 

natural-cement plants, 239-242 
plaster plants, 59 
Portland-cement plants, 490-497 
land and quarries, Portland cement, 499-500 
mining, see Cost of excavating 
plant for hydrated lime, 130 
lime-sand brick, 1 12 
slag brick, 627 

preparing coal for kiln use, 460 
quarrying, see Cost of excavating 
Casts, of manufacturing cement, plaster, 59 
hydrated lime, 130 
lime, 112-115 
lime-sand brick, 142-144 
natural cement, 239-242 
oxychloride cements, 167 
plaster of Paris, 59 

* Portland cement, 493-501 

slag bricks, 627 
slag cement, 606-607 
Sorel stone, 167 

Crackers, 41, 235-236 

Creighton, Prof., on strength of natural cements, 266 
Crushers, Blake, 40, 235, 399 
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Fineness, of plasters, 05 

law maleiials for Portland eement, 397-398 
sand used in line-sand buck, 139-137 
Fire-brick, for kiln-linings, 129-131 
Flint, m limestones, PI, 278 

pel) bl es foi tube nulls, 105-408 
Flooi nig composition, magnesia, 108-170 
Flooring-plaster, 37, 73 80 
Foitification, eonnete in, 318 
France, Hint, pebbles fiom, 105-108 
, giappier cements, 189 192 
, gypsum deposits, 81-85 
, hydiaulic limes, 180-188 
, magnesia, 100 

, natural cements of, analyses, 252 
, planter manufact me, 81 85 
, Pol t land cement , 517 
. specifications for slag cement, 017 
, weights oi cement sacks and baircF, 191 
Fuel consumption, in hvdiaulic-lime kilns, 181 

lime-kilns, 99 100, 109 111 
magnesia-kiln, 155 

nut uial-cement nunufactuie, 231 232 
plaslei manulacl me 10,59 
Port laud-cement manulactuie, 132 430, 197 
lotaiy diveis, 378, 591 

Fuels, preparation of coal loi lotaiy kiln. 152- 100 

used m Port land-cement manufact me, 432, 152 
use of coal m rotaiy kiln, 132, 152 

natmal gas m lotary kiln, 403 
oil m lotary kiln, 102 
produeei gas in lotary kiln, 105 
.see <il so Fuel consumpt ion 
Fused Poitland eements, 389, 517 
Future tiend of costs and puces, 7 8 

Gas, natural, in rotary kiln, 103 
, producer, m rotaiy kiln, 105 
Gates crusher, 11, 230, 399 
Geologic data, 15- 17 

Germany, magnesia manufacture in, 158-159 
, natural cements of. analyses, 253 
, plaster manufacture m, 50, 75 
Gillmoro, Q A , on Hoffmann kilns, 107 -108 
crackers, 235 
Sorel stone, 104 108 
Glue, used as plaster-retarder, 71 
Grant, on tests of selenitic, limes, 197-199 
Granulating slag, 587-591 
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Grappier cements, analyses of, 189 
, definition of, 189 
, manufacture ot, 180-190 
, propci lies of, 189-192 
Grappiers, analyses of, 180, 189 
, definition of, 177, 180 
Greenland, flint pebbles from, 40.") 

Greensand marls, 305, 519 
Griffin mill, 230, 399 

Grunsley, G P , on costs of plaster manufacture, 59 
settuj^. of plasteis, 71 
Gypsite, see Gypsum eaitli 
Gypsum, analyses of, 00, 85, 87 
composition of, 18 
, (list l lbut ion of, 20, 82 
eaitli, analyses, 01 
, cliaiactei, 19 
methods ol e\ea\ating, 35 
, excavation of, 33 35 
, oi lgm of, 19 
, pin sical piopei ties, 19 
, specific giavil\ , 19 
, used in natural cement, 

, plaster manufactuie, 00 

Poitland cement, 174-481 
, vanefies, 19 
, woild output, 81 

Hair, used in wall-plaster, 58 
I Ian -picker . 58 

Hale, D J , on piospecting marl deposits, 31 1-310 
Haidemng gypsum, methods for, 71 
Hardening-cylinders for lime-sand brick, 1 11-112 
slag brick, 022-02 1 

Hard-finish “cements,” .see Hard-fimsli plaster 
Hurd-fimsh plasters, anahses, 79 
, definition, 37 
, manufactuie, 78-80 
, properties, 79 80 
Harris system of pumping marl, 3">1 
Hauensehild kiln, 115 
Heat consumption, see Fuel consumption 
Heat losseffin rotary kiln, 112-413 

requirements m burning lime. 99 100, 110 

Portland cement, 137-412 

units, definition of, 12 

Helbig, A B , on heat used in rotary kiln, 440, 419 
High-alumina Portland cement, 517 
High-iron Portland cement, 517-519 



History of cementing materials, 1-3 
Hoffmann kiln for burning lime, 107 

Portland cement, 412-414 
Huennekes system, lime-sand brick, 143 
Huntingdon mills, 399 

Hurry and Seaman “ blast-furnace” methods, 389-390 
Hydrate cementing materials, definition, 9 
Hydrated lime, cost of installation for, 130 
, methods of making, 126-129 
, packing weights, 130 
, with Portland cement, 131 
Hydraulic index, defects of, 173 

, explanation of, 172-173 
of various cementing materials, 173 
, use in classification, 173 
Hydraulic limes, analyses, 183, 186, 195 
, classification of, 176-177 
, definition, 176 
, manufacture, 181-186 
, properties, 186-188, 195-196 
, specific gravity, 186 
, used in slag cements, 596-597 
Igneous rocks, 15 
Index, acidity, 270 

, cementation, see Cementation index 
, hydraulic, see Hydraulic index 
Iron disulphide, see Pyrite 
Iron ore, as cement material, 365 
Iron oxide, in limestones, 94, 279 

Portland cement, 362, 365, 515, 517 
Iron, Portlands high in, 365, 517-519 

Jaw crushers, see Crushers 

Jensch ball mill, used in grinding basic slag, 601 

Johnson kiln for Portland cement, 411-412 

Keene’s cement, analyses, 79 

, manufacture, 78-80 
, properties, 79-80 

Kent mill, 399 

Kettles, calcining, for plasters, 38-46 
Keystone lime-kiln, 105-107 
Kilns, Aalborg, 104, 414-415 
, Campbell, 223-225 
, chamber, 107-108, 412-414 
, Dietzsch, 414 

, dome, 99-101, 182, 223, 409-411 
, Edison, 423 

for hydraulic limes, 180-183 



INDEX. 


645 


Kilns for lime-burning, 100-109 

natural cements, 223-231 
Portland cements, 400-436 
, Hauenschild, 415 
, Hoffmann, 107-108, 412-414 
, intermittent, 100-102, 400-412 
, Johnson, 411-412 
, Keystone, lCfe-107 
, O’Connell, 108 
, Ransome (rotary), 420-424 
, ring, 107-108, 412-414 
, rotary, 109, 420-436 
, Schofer, 104, 414-415 
, Schwarz, 416-418 

Kirkwood gas-burner for cement-kilns, 463 
Kominuter, 399 

Labor, cost of, see Costs of labor 

Lafarge grappier cement, 189-191 

Leblanc process, see Alkali waste 

Le Chatelier, H , on constitution of hydraulic limes, 175 

Portland cement, 510, 513, 514 
effect of sea-water on cement, 547 
expansion of magnesia brick, 162 
setting properties of Portland cement, 514 
Leduc, E , on grappier cements, 190 
plaster burning, 39, 76 
Leduc and Chenu, on plaster, 39-40, 76 
Lewis, F. H , on effects of plaster, 475, 477, 483 
Lignite used for producer-gas, 466 
Lime carbonate, see Limestones 
Lime chloride, used as cement-retarder, 485-487 
Lime, effects in Portland cement, 269, 357-360, 510-511 
, hydrated, composition of, 121, 126 
, manufacture of, 126-131 

• , methods of lime-slaking, 121-123, 126-128 

, physical properties of, 130 
Lime of Teil, see Hydraulic limes 
Lime, slaked, see Limes, hydrated 
Limes, analyses, 118, 120, 121 

, classification of, 98-99, 120 
, composition, 117-121 
, costs of manufacture, 112-115 
, fuel consumption in burning, 100, 110-111 
, groups of, 98-99, 120 
, hydraulic, see Hydraulic limes 
, kilns used for, 100-109 
, magnesian vs high-calcium, 117, 130 
, methods of manufacture, 97-111 



646 


INDEX. 


Limes, physical properties, 124-125, 130 
, raw materials, 01-96, 97-08, 109 
, statistics of production, 115 
Limestones, analyses of, 95, 282, 290, 295 
, composition of, 92-94 
, cost of excavation, 112, 352, 355 
, distribution of, 94-95 
, excavating, 1 12, 338-355 
, impurities of, 93-94, 278-279 
, magnesian, 8, 93-91, 97-99, 296 
, mining, 338-355 
, modules of, .sec Sept aria 
, origin of, 91-92 
, properties of, 279 
, quarrying, 112, 338-355 
, used for hydraulic lime, 180-181, 194 
, lime, 92-96 

, natural cement, 206-220 
, Portland cement, 276-317 
, varieties of, 92 
, water contained in, 354, 374 
.see also Chalk, Marl 
Linings for rotary kilns, 429-431 

Mack’s cement, SO 

Magnesia, analyses of, 156, 158, 159, 162 
, carbonate of, .see Magnesite 
, chemical formula of, 155 
. preparation of, 155-160 
, in limestones, 93, 97, 157 
, limes, 97-99, 117-121 
, natural cements, 204, 206 
, Portland cements, 269, 516 
Magnesia bricks, analyses, 162 

, manufacture. 161-162 
, properties, 162 

Magnesia, flooring compositions, 168-170 
Magnesia stuccos, 170-171 
Magnesian limestones, see Limestone, Magnesian 
Magnesite, analyses of, 153-154 
, burning of, 155-156 
, composition of, 149-150 
, distribution of, 150-154 
, origin of, 150 
, production of, 151 

Magnesium chloride, as source of magnesia, 157-159 
use in Sorel stone, etc , 171-173 
Mahon, R. W , on slags suitable for slag cement, 585 
Manheim system of calcining plaster, 56-57 
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Marble, 92 

Marl, analyses of, 312 

, composition of, 311-313 
, definition of, 304-305 
, distribution ol, 305, 309 
, dredging methods and <osts, 319 351, 353 
, drying, 370 

, examination of deposits, 313 310 
, greensand, $05, 519 
, oi lgm of, 30(5-309 
, physical propeities, 310-311 
, pumping, 351 * * 

, water contained m, 310-311, 375 
, weight, 310-311 

Marston, Pi of , on tests of phistem, 05-70 
McKntee ei acker, 235 

McKenna, (5 , on propeities of Lafaige cement, 1S9 
Metric conversion tables, 1 1 
Mill, Cummings, 230 
, emery, 41, 127, 230 
, Griffin, 230, 399 
, Huntingdon, 399 
, Kent, 399 

, Sturtevant, 41, 127, 230 
, Williams, 399 
, see also Crushing machinery 
Millstones, 127, 23(5, 399 
Mills, G S , on tests ol lime, 125 
Mining gypsum, 33 35 

limestone, 338-355 
. natural-cement rod*, 217-218 
, see also Costs of excavation 
Mixer, Broughton, 58 

Natural cements, analyses, 214 253 

, compiessive stiength, 201-205 
8 , compressive-tensile ratio, 205 200 

, cost of manufacture, 239 212 
, definition of, 201 

, effect of gvpsum or plaster, 255-250 
, heat on strength, 2(55 

, salt, 257 

9 , fineness, 238-239 

, history, 3 

, methods of manufacture 221-212 
, modulus of clasticitv, 2(57 
, packing weights, 239 
, physical properties, 253-207 
, rapidity of set, 253-254 
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Natural cements, raw materials for, 206-220 
, specific gravity, 253 
, statistics, 242 
, tensile strength, 258-264 
Natural gas in rotary kilns, 463-465 
“Natural Portland” cements, 214 

Newberry, S. B., on change in composition during burning, 370 
constitution of Portland cement, 511 
formula for cement mixtures, 366 
heat used in kiln, 439, 443, 445 
New Brunswick, gypsum deposits of, 29-32, 86-87 
Newfoundland, gypsum deposits of, 32 

, tube-mill pebbles from, 405, 408 
Nihoul and Dufossez, on effects of plaster, 475, 478 
Nippers, used in grinding gypsum, 41 
Nova Scotia, gypsum deposits of, 29, 31, 86-87 

O’Connell lime-kiln, 108 
Oil used in rotary kilns, 462-463 
Ontario, gypsum deposits of, 29-32, 86-87 
, tube mill pebbles from, 405, 408 
Organic matter, as retarder for plasters, 71-72 
, in marls, 311 

Ovens, used in plaster manufacture, 44 
Oxychloride cements, 10, 163-171 

Packing weights of hydrated lime, 130 
natural cements, 239 
plasters, 59 

Portland cements, 489-492 
slag cements, 615 
Parian “cement,” 38 
Parker’s cement, 217 
Pebbles for tube mills, 403-408 
Peppel, S V , on lime-sand brick, 136-138, 140-142 
Petroleum in rotary kilns, 462-463 
Phosphorus, effects of, in Portland-cement mixtures, 363 
Plaster, accelerators for, 71, 73-74 
, adhesive strength, 69-70 
, analyses, 64 
, classification, 37 
, compressive strength, 68-70 
, cost of manufacture, 59 
, fineness, 64-65 
, groups of, 37 
, imports of, 90 

, manufacturing methods, 38-59 
, packing weights, 59 
, physical properties, 57-67 



INDEX. 


649 


Plaster, production of, 81-90 

, raw materials for, 18-35 
, retarders for, 71-74 
, specific gravity, 64 
, statistics of production, 81-90 
, tensile strength, 65-68 
, used in natural cement, 255-256 
Portland cement, 474-484 
, weight per cubic foot, 64 
Plaster of Paris, definition, 36, 37 
, see also Plaster 
Porosity, see Absorption 
Portland cement, analyses of, 518-523 

, analytical methods, 524-527 
, cementation index of, 270 
, comparison with grappier cement, 191 
, compressive strength, 533 
, compressive tensile ratio, 533 
, constitution of, 507-519 
, costs of manufacture, 493-501 
, definition of, 208 
, effect of freezing, 543 

gypsum, 474-484 
heat, 542 
plaster, 474-484 
salt, 543- 546 
sea-water, 546-548 
, fineness, 529-530 
, methods of analysis, 524-527 

manufacture, 373-492 
, modulus of elasticity, 537 
, packing weights, 489-492 
, physical properties, 528-549 
, production of, 503-506 
, raw materials for, 271-337 
, specific gravity, 449, 530 
, specifications for, 554-574 
, tensile strength, 531-533 
, use of gypsum or plaster, 474-484 
Potash, see Alkalies 
Prices,, average, 1890-1920, 6-8 
Prospecting, see Examination 
Prost, S , o» effects of granulating slag, 591 

slags suitable for slag cement, 584-585 
Pulverized coal as kiln-fuel, 452-462 
Pulverizer, Clark, 235 
, Cyclone, 235 
, Raymond, 399 

Pulverizing machinery, see Crushing machinery 
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Puringt on, 0 W , on use of steam-shovels, 346 
Puzzolun cements, definition, 575 

, raw materials for, 575-595 
, see also Slag cement 
Pyrite in limestone, 94, 310, 3SS 
, see also Sulphur, Sulphides 

Quarrying clays, 338, 352, 355 
gypsum, 33-35 

limestone, 112, 217-218, 338 355 
natural-cement rock, 217-218 
Port land-cement material, 338-355 
shales, 310 

Quebec, magnesite deposits of, 152, 151 
Quick-hardening Portland cements, 517 

Rankme, (1 A , on Poitland-cement constitution, 513 
Pansome kiln, see Kiln, rotaiy 

Ratio between compressive and tensile stiength. natmal cement, 205, 200 

Portland cement, 530 
slag cement, 013- 01 1 
silica and alumina, see Alumina, lnde\ 

Raymond pulverizer, 399 
Retarders for plasters, 71-71 

Portland cement, 17 1 181 
Richards, .1 \Y , on tests of lotaiv kiln, -1 10 149 
Richardson, (’ , on constitution of Poitland cement, 508- 512 
phosphorus m cement mixture, 303 
compressive si length of natural cement, 204 
Ring kiln, 107 108, 112-11 1 
Rock-crushers, see Cmsheis 
Rock-emeiy mill, 11, 127, 230 
Rock excavation, see Excavation 
Rohland, on set of plasters, 71 
Roman cements, 214, 210 
Roofing slate, si v Slate 
Rotary caleinor, see ('alcmers 
drier, see Dtiers 
kiln, see Kiln 

Sabin, L (' , on properties of lime, 125 

natural cement, 262-204, 266 
Portland cement, 544-545 
Salt, brines as sources of magnesia, 159-100 
, effect on natural cement, 257 

Portland cement, 543-546 
Sampling, marl deposits, 313-316 
sec also Examination 
Sand cement, 537-541 
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Sawdust, used as plaster-retarder, 71-72 
Schiebler process for magnesia, 1 58 
Sehofer kiln for lime, 103-101 

Poitland cement, 114 115 
Schwarz kiln, 416-418 

Schwarz process for lime-sand buck, 138-110 
Scott’s cement, 196-199 
Seasoning clinker, •467-468 
Sea-water, as source of magnesia, 159- 160 

, effect on Portland cement, 546-548 
Sedimentary rocks, 16 
Selenite, 19 

Selenitic lime, manufacture, 196-197 
, piopeities, 197-199 
Separators, Berthelet svstem, 236 
, m coal-pulveu/er, 161 

natural-cement plants, 236 

Septaria, 216 

Shales, analyses of, 328, 330 
, excavating, 338, 352 
, origin, 325 

Shell-fire, resistance to, 548 
Shell-lime, analyses ol, 96 
Shells, analyses of, 95, 96 
, in marl deposits, 310 
, used for lime-binning, 95-96 
Shock resistance of cements, 548 
Shovel, steam, use of, 316 
Silica-ahmnna latio, 270 
Silica cement, 537-541 
Silica, m limestones, 94, 278-279 
Poitland cement, 360 
Simple cementing nationals, 9 
Slag-blocks, analyses of slags used for, 632 
, definition, 628 

9 , methods of manufacture, 628-632 

, propt rtios of, 629 

Slag-bricks, analyses of slags used for, 620, 621, ( 
, definition, 618 

, methods of manufacture, 618-628 
. , properties, 620-622, 626 

Slag cement, color of, 609, 612 

• , composition of slags used. 585-587 

, costs of manufacture, 606-607 
, methods of manufactmc, 581-608 
, production of, 607 
, properties and tests, 611-614 
, specific gravity, 611 
, specifications for, 615-617 
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Slag cement, tensile strength, 612-614 
see also Puzzolan cements 

Slags, used in Portland-cement manufacutre, analyses, 321 

methods, 320-322 

slag-cement manufacture, analyses, 586 

, composition, 585-587 
, drying, 592-595 
, granulation, 587-591 

Slaked lime, see Lime hydrate 
Slaking lime, 121-123, 126-128 

natural-cement clinker, 233-234 
Slate, analyses of, 335, 336 
, distribution of, 334, 337 
, origin of, 334 

, used as Portland-cement material, 334-337 
Slosson and Moudy, on accelerators and retarders for plasters, 72-74 
temperature of plaster burning, 50 
tests of plasters, 68-70 
Soda, used as slag-cement accelerators, 602 
, see Alkalies 
Sorel stone, 163-171 

Specifications for Portland cement, 554-574 
puzzolan cement, 615-617 
slag cement, 615-617 

Specific gravity, method of determining, 449-450 
, of anhydrite, 19 

“cement plaster,” 64 
grappier cements, 189 
gypsum, 19, 64 
hydrated lime, 117, 122 
hydraulic limes, 187 
Lafarge cement, 189 
lime, 117, 122 
limestone, 279 
magnesia, 155 
natural cement, 253 
plasters, 64 

Portland cement, 530-531 
puzzolan cement, 611 
slag cement, 611 

Stack-dust from rotary kilns, composition and use, 450 
Stack-gases from cement-kilns, composition of, 447 
, use of, 448 

lime-kilns, use of, 111-112 
Storage, deterioration of cement on, 549 

Strength, see Adhesive strength, Compressive strength, Tensile strength 
Structural materials, production of, in U. S., 4-5 
Stucco, analyses, 64 

, definition, 37, 170 
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Stuccos, magnesia, proportions, 170-171 
Sturtevant crusher for slaked lime, 127 
rock-emery mill, 41, 127, 230 
Stedman disintegrator, 41, 236 
Sulphate of lime, see Gypsum, Plasters, Sulphur 
Sulphide of iron, see Pyrite 
Sulphides, in limestones, 94, 279, 362 

, presence in Portland cement, 362 
slag cements, 609 

Sulphur, effect in slag cements, 609 
, in alkali waste, 31.8, 319 
, in kiln-coal, 452 
, in limestones, 94, 279, 362 
, in Portland cements, 362 
, presence in slags, 585, 609 
, removal by granulating slag, 591 
Sulphuric acid, see Sulphur trioxide 
Sulphur trioxide, in gypsum, 19 

limestones, 94, 279, 362 

Tankage, used as plaster-retarder, 71 
Teil, lime of, see Hydraulic-limes 
Temperature of burning lime, 97-100 
magnesite, 155 
natural cement, 204, 221 
plasters, 39^0, 76-77 
Portland cement, 440 

Tensile strength, of grappier cements, 190, 191 
hard finish plasters, 79-80 
hydraulic limes, 187 
Keene’s cement, 79-80 
Lafarge grappier cement, 190, 191 
limes, 125, 130 
natural cements, 258, 264 
plasters, 65-68 

# Portland cements, 531 

puzzolan cements, 612, 614 
selenitic limes, 197-198 
slag cements, 612-614 

Testing methods for Portland cement, 549-553 

Tests,* see Adhesive strength, Compressive strength, Tensile strength, Abrasion 
Tests of efficiency of lime kilns, 111 

* rotary cement kilns, 446-449 

Tetmajer, Prof., on effects of plaster, 482 

tests of Portland cement, 530 
Thermal efficiency of lime kilns, 111 

rotary cement kilns, 437-450 
units defined and compared, 12 
Thompson, S., on weight of cement barrels, 490 
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Travertine, 92 

Trend of costs and prices, 6-8 

Tube nulls, 399 

, pebbles for, 403-408 

Tufa, 92 

Tuff, as puzzolan material, 581 

United States, imports of gypsum, 90 
plasters, 90 
, production of lime, 115 

gypsum, 81-90 
magnesite, 151 
natural cement, 242 
plasteis, 81-90 
Portland cement, 505 
slag cement, 607 
structural matenals, 4 
total cementing materials, 4-5 

Van’t Hoff, Prof , on constitution of flooring plasteis, 76 

Vegetable matter, as retardei for plaster, 72 
in mails, effects of, 375 
used in wall plaster, 59 

Wall plasters, 38, 57 

Water, amount present m chalks, 354, 374 
clays, 35 1 , 371 
granulated slags, 592 
gypsum, 18, 36 
limestones, 354. 374 
marls, 355, 375 
plasteis, 36, 39 
shales, 375 

required m slaking lime, 121-122 
sea-, effect on Poitland cement, 546-518 
used in granulating slag, 587-591 

Wear, resistance of slag cement to mechanical, 613 

Weight per cubic foot of cement-plasters, 61 
clays, 331 
gynsurn, 64 
lime, 117, 122 
lime-sand bricks, 144, 1 15 
limestones, 279 
magnesia bricks, 162 
marls, 310 
plasters, 64 
cements, 491 
shales, 331 



INDEX. 

Weight per cubic fopt of slag bricks, f>20, 026 

, see also Specific gravity, Packing weights 
White cementing materials, 11 
Whiting process in slag-cement manufacture, 002 
Williams, mill, 399 
Wilder, F. A , on flooring plaster, 77 

rotary calciners for piasters, 50 
Wilkinson, P , on kettle process for plasters, 4-1— . r 0 
Wood-fiber used m wall plasters, ,59 
Woolson, I , on strength of clay bricks, 147 

. .lime-sand bricks, 146 
World output of cementing materials, 502 
magnesite, 151 
Portland cement, 502 
structural materials, 1-3 
gypsum, 81 







